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ABSTRACT

Chattanooga was declared the most polluted city in America in 1969 due to unchecked
industrial emissions. Metals can be deposited atop plant surfaces or soil when they find a sink
there. Assessing historical pollution concentrations with herbarium specimens has recently
shown to be a valuable tool to science. The aim of this study is to use online digital repositories
to identify candidate specimens that may be used in the future metal analysis in the greater
Chattanooga area: Hamilton County, Tennessee (TN) as well as Walker, Dade, and Catoosa
Counties, Georgia (GA). These specimens must meet the following parameters: there must be
multiple specimens of each species from pre-, during, and post- 1960s; each specimen must have
enough biological material to remove some without destroying the specimen; and the species
must be one with metal-accumulating properties or morphological characteristics that aid in
metal deposition upon the leaf surface.
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CHAPTER I
INTRODUCTION

Metal pollutants have been introduced to our atmosphere through anthropogenic
emissions. Urban areas often see high concentrations of pollution because they are industrial
centers and have condensed populations. Chattanooga is in southeastern Tennessee along the
Tennessee River in the physiographic province known as the Ridge and Valley but is proximal to
the Cumberland Plateau, which is directly west of the city. Chattanooga is situated within a
valley between Missionary Ridge and the Cumberland Plateau. Due to its topography, air
pollution is a heightened risk in the city because it gets trapped within the valley of Chattanooga
and is only pushed out with strong winds and weather (HEW 1969b, EPA 1976). Along with
topographical issues, Chattanooga was bustling with industry in the first half of the 20th century.
It was ultimately named the most polluted city in America for particulates in the atmosphere by
the U.S. Department of Health, Education and Welfare (HEW) in their 1969 Air Quality Criteria
report covering the years of 1961-1965 (HEW 1969a). The HEW was split into the Department
of Education and the Department of Health and Human Services in October 1979 due to the
Department of Education Organization Act, but their jurisdiction covered all air pollution matters
federally up to that point (U.S. DoH, EOA § 509, 1979). Following the designation, Chattanooga
created the Hamilton County Air Pollution Control Bureau (HCAPCB 2020), and with the help
of agencies like the U.S. Environmental Protection Agency (EPA) and the National Air Pollution
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Control Administration (NAPCA) pollution levels were mitigated through the years; in addition,
industry has also declined (Vincent 1979).
Metals are spread through the atmosphere and present in air pollution in the form of
suspended particulate matter (Baird and Cann 2005). Metal particulates are largely released into
the atmosphere through industrial emissions, fuel combustion, or waste (HEW 1969b, Duprey
1968). Metals find their way into plant parts through atmospheric deposition on the leaf surface,
accumulation into the leaves through foliar transfer, or uptake through the roots in the soil after
the metals have found a sink there (Uzu et al. 2009, Schreck et al. 2012, Madany et al. 1990).
Metal concentrations can not only be measured in the leaf parts of live plant specimens, but also
in historical plant specimens stored within herbaria (Peñuelas and Filella 2002, Rudin et al. 2017,
Rodríguez Martín et al. 2015).
The objective of this research is to determine which herbarium specimens from the study
area of Chattanooga and from points in time with different pollution levels are available within
southeastern herbaria for future analysis of metal presence. The study area perimeter was
determined based on past HEW research studies, all of which had monitoring sites in Hamilton
County, Tennessee as well as the northern portions of Georgia counties: Catoosa, Dade, and
Walker (Helms et al. 1970, HEW 1969b). In a study of toxic substances for the Chattanooga
metropolitan area, the EPA used this study area because it encompassed roughly 90% of the
industrial facilities. They noted that other neighboring counties are outside of the polluted
interstate area since they are blocked by natural landscape features. For example, Marion and
Sequatchie Counties are separated by Signal Mountain to the west of Hamilton County (Vincent
1979).
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Importance of herbaria, specimen digitization, and other online portals
As a way of scientifically documenting species presence and distributions, biologists
have long collected and prepared biological specimens, ultimately to store and protect them in
musea and herbaria. Herbarium specimens have been able to provide data for various research
beyond taxonomy and systematics, such as in phenological (Bolmgren and Lonnberg 2005,
Panchen et al. 2012, Primack et al. 2004) and genetic studies (Zeng et al. 2018, Hart et al. 2016,
Wenbin et al. 2007). Lavoie (2013) reviewed studies that used herbarium specimens to document
biogeographical patterns or environmental changes, finding a total of 382 studies completed
since 1966 covering a range of topics from plant invasions, pollution, rare plant species, plant
disease, and the distribution range of plants from 733 different herbaria. Herbarium specimens
are an extremely valuable tool for modern scientific research, especially in smaller collections
like UCHT where they can provide the regional focus of specimens needed to conduct a study
like this (Marsico et al. 2020). The availability of specimens has increased through the
digitization of herbarium specimens. Herbarium specimens are digitized by taking images using
a light box, databasing label information, adding a barcode to match the specimen to the database
information, and uploading all the information to a portal so it may be accessed by other
researchers, educators, conservation biologists, or enthusiasts. One such portal is the Southeast
Regional Network of Expertise and Collections (SERNEC), where a multitude of southeastern
herbaria and their digitized specimens were accessed for this study.
Metals are contaminants and can be toxic in small amounts, leading to not only concerns
in environmental contamination, but concerns of human health as well (IARC 2020, Duffy and
Carroll 1967, Mikelson et al. 2019). Therefore, it is important to determine novel methods to
analyze the presence of metals in the environment. The herbarium at the University of Tennessee
3

at Chattanooga (UCHT) was established in 1886 (Index Herbariorum 2016); therefore, there are
plant specimens in UCHT that pre-date, are contemporaneous to, and post-date the height of
pollution in and around Chattanooga. Today, UCHT contains approximately 50,000 specimens
of vascular plants and about 1,000 specimens of non-vascular plants. Vascular species will be
used to assess metal concentrations due to the greater availability within UCHT, as there is not a
sizable moss/lichen collection. In the past, non-vascular species like mosses and lichens have
been used in assessing metal concentrations over time; they are better indicators of air quality
due to their lack of a root system and dependence on the aerial environment for nutrients (Herpin
et al. 1997, Ochota and Stebel 2013, Shotbolt et al. 2007, Weiss et al. 1999). Using vascular
herbarium specimens to compare concentrations of metals over time is a relatively new field.
Only a few studies have been conducted using vascular plants (Peñuelas and Filella 2002, Rudin
et al. 2017, Rodríguez Martín et al. 2015). These studies were able to detect changing levels of
metal concentrations through time, showing that specimens of vascular plants can be a successful
tool to use in assessing metal concentrations through time. Rodríguez Martín et al. (2015)
analyzed changes in metal concentrations between herbarium specimens from 1941 and live
specimens collected in 2012 from an urban area, finding that lead (Pb) concentrations decreased
by ~126% over time due to control on the use of leaded fuels. Metals chromium (Cr), nickel
(Ni), and cadmium (Cd) increased over time. Rudin et al. (2017) compared herbarium specimens
from 1846-1916 to live specimens collected in 2015 at three industrial sites and one control. A
decrease in Pb was also found over time, and all metal concentrations were measurable within
each genus tested. Differences were noted in metal concentrations from the same area between
taxa, reflecting that they may have varied potential to accumulate metals. Notably, each study
used Inductively coupled plasma-atomic emission spectroscopy (ICP-AES) to measure metal
4

concentrations in plant parts. This type of instrumentation can detect metal concentrations even
in trace amounts, so all plant samples used had detectable metal concentrations.

Topography and description of study area: Chattanooga
Chattanooga is situated at an approximate elevation of 206 meters (676 feet) along the
Tennessee-Georgia border (Hayes 1892). It is within the physiographic province of the Ridge
and Valley. The topography of this region consists of long, linear, northeast to southwest
oriented ridges with lowland valleys parallel to the ridges. The ridges lose elevation toward the
south (TDEC 2010). Missionary Ridge, which runs through the eastern portion of the city, is the
most prominent. The city is bordered to the west by the southern portion of the Cumberland
Plateau, represented by Lookout, Raccoon, and Signal Mountains. The Cumberland Plateau is
described as an elevated tableland that averages an elevation of 1800 feet, though portions of
Lookout Mountain reach up to 2,100 feet (Hayes 1892). Typically, air pollution is difficult to
measure and control regionally as it travels quickly through the atmosphere, though
Chattanooga’s topography has proven to indicate that emission sources in the Chattanooga area
do not extend past the Chattanooga valley (HEW 1969b). Due to the topography of Chattanooga,
wind speeds are reduced, and temperature inversions are a common occurrence. These conditions
put Chattanooga in an area that is geographically likely to have the maximum ‘high-air-pollution
forecast days’ (Hosler 1961). Wind speeds and particulate level samples over a 24-hr period
were measured at the Chattanooga City Hall by the EPA. They discovered that when wind
speeds were lower (<6 mph), the average particulate levels during that 24-hr period were much
higher than when wind speeds were greater than 6 mph (EPA 1976). The same study reported
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that Chattanooga’s average annual surface wind speed was 6.3 mph making it likely for
particulate levels to be higher.
A temperature inversion takes place when warm air traps a layer of cooler air beneath it
(NWS 2019). This process transpires in valleys like Chattanooga, where cooling occurs in the
lower layer of air more readily because the valley is sheltered from the wind. The inversion
begins later in the evening and stays in place until the air can warm itself again the following
day. An Interstate Air Quality study found that temperature inversions occurred during 60% of
the hours in the nighttime through the summer months, and 35% of the hours in the nighttime
through the winter months (Hosler 1961). Since this layer of cool air cannot rise through and
escape the layer of warm air overnight, pollution and metals get trapped within the valley (NWS
2019). In the Clean Air Act (CAA), the EPA designated the Tennessee River Valley/Cumberland
Mountains as an Air Quality Control Region (AQCR), meaning they were a location in which the
attainment and maintenance of National Ambient Air Quality Standards (NAAQS) was required
(EPA 2010, EPA 2021). The EPA organized a national assessment of 14 cities designated as
AQCRs with urban particulate issues and stated that Chattanooga only had ‘moderate’ levels of
industrialization compared to the other cities, but its dispersion characteristics and abilities were
considered adverse (EPA 1976). This issue combined with increasing industry made
Chattanooga much more susceptible to high levels of air pollution and is what eventually led it to
being named the most polluted city in the nation (HEW 1969a).

History of industry and pollution
Chattanooga became the center point between other growing cities in the Southeast, with
Atlanta selecting Chattanooga as a terminal location in the Western and Atlantic Railroad;
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Nashville was later connected (Honerkamp 2017). In the mid-1800s, a renowned geologist
observed that nature had almost created this portion of the country for manufacturing due to
Tennessee’s natural and mineral resources, as well as waterpower (Eller 1982). The land was
never able to be viable for agricultural purposes, so industry was what put Chattanooga on the
map (HCAPCB 1977). The East Tennessee Iron Manufacturing company was one of the first
major industries to form in Chattanooga, developing foundries, iron forges, and blast furnaces in
the city. A foundry and machine shop was located downtown by the railyards, and subsequently
would manufacture freight cars and rail wheels as well. Furnaces were built along the river so
that large quantities of charcoal and coke fuel, iron ore, and limestone flux could be directly
offloaded from river barges and into the furnace interior (Honerkamp 2017).
Between 1950-1966, Chattanooga erupted with industry ignoring already growing
concerns of visible air pollution. In the 1963 census of manufacturers, there were a total of 455
industrial establishments in Chattanooga. These covered a multitude of products from food,
textiles, lumber, chemicals, glass, and primary and fabricated metals (U.S. BOC 1963). The
South and Tennessee had a lot to offer for industries, and the ‘industrial migration’ from the
North to the South occurred at this time. Manufacturers were abandoning their plants in New
England to open new ones in Tennessee. President John F. Kennedy recognized why industries
were taking advantage of moving south, stating, “the South has a much larger supply of farm
workers to draw upon for industrial employment… pure, fresh water; nearness to raw materials
and production factors; greater space; a milder climate; and the hospitality shown new industries
in new areas are also southern advantages which should not be denied,” (John F. Kennedy 1953,
pg. 1). Between 1953-1957, the HEW conducted an early study on air pollution measurements
and were already finding extremely high concentrations of suspended particulates in
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Chattanooga with an average concentration of 174 µg/m³ (HEW 1958). In 1967-1968, the HEW
further found that “adverse health effects were noted when the annual geometric mean level of
particulate matter exceeded 80 µg/m³ and visibility reduction to about 5 miles was observed at
150 µg/m³ … suspended particulate levels in many locations in the metropolitan Chattanooga
area are, therefore, sufficiently high to warrant considerable concern by local residents,” (Helms
et al. 1970, pg. 20). In fact, Hamilton County’s tuberculosis mortality rate was found to be three
times the national average that year (Duffy and Carroll 1967).
Hazy skies and a constant smog started occurring daily as a constant side effect of the
growing industry and unregulated emissions. Residents complained that the pollution would peel
paint off their cars overnight, that they would have to turn their headlights on just to drive
through the city in daylight, and that you “couldn’t walk two blocks without a light shirt getting
covered with soot,” (Rill 1972, pg. 65). Chattanooga’s topography only worsened the issue. The
need for change was really propelled forward by citizens of Chattanooga, especially when
Chattanooga was named the worst city in the United States for particulate air pollution in a
January 1969 report by the HEW for the span of years 1961-1965. The report stated that the
geometric mean for total suspended particle concentrations in Chattanooga during these years
was 180 µg/m³ (HEW 1969a). The national geometric average for the years of 1964-1965 was
reported as 91 µg/m³, making Chattanooga’s concentration almost double the national average
(HEW 1966). In the same year, the EPA released their report with the summary of required
federal air quality standards, with the national standard for particulate matter being 75 µg/m³
(EPA 1969). This made Chattanooga’s atmospheric concentration more than double what was
acceptable by federal standards.
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Leaders had debated over imposing regulations on air pollution for years, but after
receiving this degrading label, they finally put those steps into motion and proposed air pollution
control regulations and created the Air Pollution Control Ordinance (HCAPCB 1977). The first
rule adopted in the Air Pollution Control Ordinance was to create the HCAPCB to pass and
monitor the rules and regulations adopted (MCC 2015). Some of these regulations put in place
were requirements to have a permit for open burning, monitoring odors and dust released into the
atmosphere, outlawing all visible automotive emissions, and prohibiting the emissions of
particulates from the combustion of fuel from equipment and stacks in quantities exceeding local
and federal requirements (MCC 2015). Regulations were also imposed on all visible emissions
from industries, with smoke thickness being evaluated by the Ringelmann chart (HCAPCB
1977). The Ringelmann chart was composed of various shades of grey that could be compared to
different types of smoke plumes (Ringelmann 1898). Existing plants were limited to Ringelmann
#2 (40% blackness) and Ringelmann #1 (20% blackness) for new plants (HEW 1969b). This
type of scale was simple and easy to follow, though not very precise. Yet, even the USGS said it
was “the most satisfactory [way of measuring smoke] at present,” (Randall 1908, pg. 11).
In 1970, the CAA was passed in response to many cities like Chattanooga, with their
visible smog and emissions. In the same year, the EPA was formed, and took responsibility for
air pollution control at this time (EPA 1970c). Under the CAA and the Energy Supply and
Environmental Coordination Act of 1974 (ESECA), each state was required to form a State
Implementation Plan (SIP) to ensure they stay within the attainment of National Ambient Air
Quality Standards (NAAQS) designated by the EPA (EPA 2010). Six criteria pollutants were
determined: particulate matter, ozone, sulfur dioxide, nitrogen dioxide, carbon monoxide, and
lead (EPA CAA § 112, 1970a). Chattanooga’s biggest issue was with particulate matter
9

pollution. An EPA 1969 report read that particulate matter NAAQS were 75 µg/m³ as an annual
geometric mean (EPA 1969). The annual average for Chattanooga in 1969 was almost three
times that (HCAPCB 1977). Each individual state was required to create their own regulations
and plans to meet the air quality standards (EPA CAA § 110, 1970b). Each SIP had to be
submitted to the EPA for review within three years after the CAA and NAAQS were put in
place. The passing of this act paved the way for Chattanooga to start cleaning up the city as they
had guidelines to follow, and they were provided federal funds to assist in achieving their goals
(EPA CAA § 105, 1970b). Since Chattanooga’s largest concern of the criteria pollutants was
particulate matter, they focused their plan on attaining regulations within this field only.
A national assessment of 14 cities designated as AQCRs was completed by the EPA in
1974, visiting each city one or more times to obtain data on particulate emissions from
monitoring sites while also obtaining additional data such as amount of industry, traffic volume,
and more. Chattanooga was characterized as ‘moderately industrialized’ along with Denver,
Seattle, and Providence. Compared to these other industrial cities, Chattanooga had already
begun to lessen their particulate emissions. A 1969 HEW report read that 66% of total particulate
emissions were coming from industrial process losses, while the EPA reported that just five
years later that it was down to 30% (HEW 1969b, EPA 1976). Chattanooga majorly reduced
their area source (non-industrial) emissions by switching residential fuel sources to gas (22%)
and electricity (65%) when other cities were still almost entirely using gas. Chattanooga’s area
source emissions were 200 tons/year while Denver, Seattle, and Providence were at 7,100
tons/year, 2,100 tons/year, and 3,600 tons/year, respectively (EPA 1976). Yet, in a review of
Tennessee's SIP in 1975, the EPA found that The Chattanooga Interstate AQCR had not yet
obtained federal NAAQS and therefore was not allowed to increase emissions in the region. Still,
10

they were on track for an attainment date in 1975 and they were pleased with their monitoring
sites within the region (EPA 1975).
Though they had not yet reached federal standards, Chattanooga achieved its local
regulation goals on an attainment date of October 14th, 1972. The requirement for all industry
was to follow Ringelmann #2 (40% blackness) (MCC 2015). The following day, an article in the
New York Times wrote, “In three years, the average level of particulates in the downtown air has
been reduced by 55 per cent… the improvement was accomplished through industrial investment
in smoke control equipment, and partly through a large-scale shift from coal to natural gas,
electricity, and some oil” (Rill 1972, pg. 65). All major industries complied fully and followed
restrictions on their visible emissions to reach these goals. Billboards throughout the city
displayed the quote, “Now you can breathe in our city” (HCAPCB 1977). In 1993, President
Clinton presented Chattanooga with the Sustainable Development Award, stating, “The city of
Chattanooga's commitment to sustainable development emerged from a "shared vision" of strong
economic development, environmental improvements and community-wide education, which
resulted in citizen collaboration in cleaning up the environment, rebuilding the economy and
revitalizing a city in decline” (Bill Clinton 1993).

Metal pollutants and their sources
Metals are naturally occurring in low concentrations in the Earth’s crust and soils, having
been commonly introduced into our atmosphere and moved throughout the environment by
anthropogenic effects (Bradl 2005). They have high densities, usually higher than 5 g/cm³
(Parker 1984, Morris 1992). They are spread through the atmosphere by forming suspended
particulates or traveling in their gaseous state. Particulates are classified as PM2.5 to PM10,
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where particles less than 2.5 µm are known as fine particulate pollution and are damaging to
human health as they can penetrate deeper into the human body (Baird and Cann 2005, Harrison
et al. 1996). The Particulate Matter (PM) index is what classifies the primary health standards
annually by the EPA (EPA 2012). A positive correlation has been found with fine particles
containing metal toxicants and lung cancer mortality (Beelen et al. 2008, Dockery et al. 1985,
Laden et al. 2006, McDonnell et al. 2000). Metals cannot be biodegraded, only transformed to a
different form, or combined with other elements, making them persistent and bioaccumulative.
This means that metals are readily accumulated within living organisms and in the environment
and not easily metabolized (Baird and Cann 2005). This can pose an issue for toxicity if
concentrations are not controlled, as metals have been known to be toxicants through multiple
routes of exposure, one of which is through industry (Baldwin and Marshall 1999). Both the
EPA and the International Agency for Research on Cancer (IARC) have classified metals as
either ‘probable’ or ‘known’ human carcinogens, meaning they are cancer-causing toxicants
(IARC 2020). Few studies have been completed in Chattanooga that show the potential
relationship between metals and health complications. In a 1967 report released by the HEW,
tuberculosis mortality rates of all age groups and races were approximately three times the
national average during the years of 1959-1961, which are years when heavy particulate metal
pollution was present (Duffy and Carroll 1967). Mikelson et al. (2019) conducted a study
assessing the relationship between metals and birthweights in which they found that several
metals, specifically cobalt and rhodium, were significantly associated with low birth weights.
Seven of the 31 elements tested were quantifiable in 100% of the placental samples taken.
Metal particulates are released into the atmosphere from a large amount of various
industrial processes. Estimated particulate emissions from these industrial sources in
12

Chattanooga was that 66% of total particulate emissions were coming from industrial process
losses and 16% from stationary fuel combustion (HEW 1969b). With industry being the main
component of particulate emissions in Chattanooga, the HEW compiled all factors of air
pollutant emissions based on the type of industry they come from (Duprey 1968). They found
that there were many industrial sources of particulate emissions, though the ones popular in
Chattanooga at the height of their industrial era were iron smelting, coke furnaces, railroads, a
cement plant, quarries, and multiple foundries (Duprey 1968, Vincent 1979, EPA 1976, U.S.
BOC 1963). Iron smelting is a process that reduces metal ores into pure metal in iron mills. A
blast furnace is used to remove any of the ores’ impurities, which requires extremely high
temperatures (Duprey 1968). The estimated amount of dust released is 0.1 tons of dust per each
one ton of crude iron produced in the furnace, which is approximately 100 tons of dust per day
(Norton 1954). One study (Silverman 1955) analyzed the chemical composition of particulate
emissions from a 200-ton furnace finding that 92.1% of the particulates emitted contained
metals, specifically iron (Fe), aluminum (Al), and manganese (Mn) compounds. Blast furnaces
are run using coke, which is produced as a by-product in coke ovens using various grades of
bituminous coal (Scheunemann et al. 1963). The main pollutant released as a byproduct from
coke ovens is smoke dust, which contains metals and particulate matter. The dust escapes to the
atmosphere during the charging and discharging of the oven and can leak through the oven doors
(Thring and Sarjant 1957). Metal pollution in railways comes from fuel combustion, friction of
the train on the side railings, and cargo leakage (Duprey 1968). Cement plants input raw
materials into a rotary kiln that is fired at high temps, fueled by either coal, oil, or gas. The
materials within the kiln are then dried, decarbonated, and calcined. Particulates are the major
type of pollution released from this process via both waste gases from the kiln and fuel
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combustion, averaging 42 pounds of emissions released per barrel of cement produced (Kreichelt
et al. 1967).
Foundries are where iron and other metals are fabricated by shaping and molding them in
casings and were a large emitter of particulate matter in Chattanooga accounting for
approximately 27% of particulate emissions each year (Helms et al. 1970). A study was
completed in 1991 through the EPA’s Air and Energy Engineering Research Laboratory, as
requested by the HCAPCB, to determine emission factors for sources commonly found in iron
foundries. They found that the highest number of particulates were released into the atmosphere
during the melting, pouring, shakeout, and cooling processes within a foundry. They also found
that particulate emissions were the only criteria air pollutant of real concern from these emission
sources (Gschwandtner and Fairchild 1990). Particulate emissions from foundries have the
potential for concern as most emissions releases are less than 5 µm in size (Crabaugh et al.
1954). Another byproduct of the foundry process is sand, which is required to make the metal
cast but disposed of after (Scheunemann et al. 1963). Though this does not create much
atmospheric metal pollution compared to other processes, metals can be released when the sand
is kicked up by winds and it is a pollution issue in Chattanooga: The Southside Chattanooga
Lead Superfund Site. Foundry operations from the height of industrial Chattanooga generated a
waste product consisting of foundry sand, which is a mix of dust, slag, coal, and other materials.
The foundries throughout Chattanooga gave residents waste foundry sands to use as topsoil, or to
level the ground for housing foundations (EPA 2020). Lead was a byproduct within this waste,
and Pb can be very toxic in even small amounts to humans (EPA 2020). The EPA excavated
approximately 8,222 tons of soils from affected properties in the Southside area in 2012 (EPA
2018). Removal occurs by excavating contaminated soils to a maximum depth of two feet and
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transporting it to an off-site EPA approved facility to be disposed (Joseph and Brown 2018).
Cleanup actions have been starting with homes with the highest amount of Pb contamination, or
with children residing on or nearby the properties as Pb poisoning is more problematic in
children. The EPA determined that there is greater than a 90% chance that a child exposed to this
site will have a blood Pb level greater than 8 µg/dL, which is the targeted concentration using the
Integrated Exposure Uptake Biokinetic Model (EPA 2018). In the Highland Park neighborhood
within Southside Chattanooga, approximately 70% of all properties qualify for remediation and
cleanup of Pb contamination (EPA 2018). The Southside Lead site was added to the National
Priorities List in September of 2018 (EPA 2018). As of January 2020, 1,449 yards have been
sampled and 4,075 have yet to be sampled. 41% of these properties have more than 360 ppm of
Pb in their soils (EPA 2020).
Automobiles release particulate emissions from the exhaust and combustion zone. One
major metal compound released with exhaust particulates was Pb (Robinson 1946), as tetra-ethyl
lead was a compound in motor fuel and was not phased out until the 1970s-1990s (Lovei 1998).
In a 1960 study on a 1954 Plymouth engine, Pb compounds were released at 97 mg/min when
the automobile cruised at 50 mph (McKee and McMahon 1960). When the car accelerated at 30
mph, the exhaust was found to release 216 mg/min of Pb compound particulates into the
atmosphere. In a similar study, researchers wanted to find total suspended particulate emissions
from 16 lead-fueled vehicles all made in 1966. They found that the total suspended emissions for
particulates was an average of 0.339 g/mi while total Pb emission averaged 0.059 g/mi or 17.4%
of the total suspended particulates (Haar et al. 1972). As lead-based fuels were phased out after
the 90s, some studies (Fantozzi et al. 2013, Ugolini et al. 2013, Rodríguez Martín et al. 2015)
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have recorded a decrease in Pb in the environment, especially near roads with high traffic, over
time to the present day.

Deposition and uptake of metals in plants
Plants have historically been used as indicators of metal pollution throughout the
decades, though only few studies have used vascular plant herbarium specimens for this type of
study as it has become a newer field in the recent years (Peñuelas and Filella 2002, Rudin et al.
2017, Rodríguez Martín et al. 2015). Metals can either accumulate in the foliar region of the
plant by depositing on the leaves or by being taken up through the roots in the soil.
Accumulation of metals depends on a multitude of factors including plant species, plant
physiology, bioavailability of the metal, metal speciation and environmental factors such as pH,
organic matter present, and the phosphorus (P) content of the soil (Sturikova et al. 2018).
When metals are located within soils, they can be accumulated by absorption through the
roots or adsorption onto the root surface (Uzu et al. 2009). When they are absorbed by the root,
they can be transported through the plasma membrane, depending on their speciation, by various
types of protein transporters or through calcium channels (Meharg and Macnair 1991, White
2012, Li et al. 2008). There are some plant species that are classified as hyperaccumulators, or
metal-accumulating species, meaning they are plant species that can tolerate and survive in areas
contaminated with metals, and are better able to uptake these elements in their roots and
translocate them to their foliar regions (Muszyńska and Hanus-Fajerska 2015). Comparatively,
non-accumulator species uptake metals at a much lower rate and seldom translocate them to their
foliar regions. They may undergo damaging effects when metals enter their system, even
necrosis. For example, Zn²⁺ accumulation was studied in a hyperaccumulator and non16

accumulator, finding that the Zn²⁺ absorption in the roots by the metal-accumulating species was
four and a half times higher and translocation to the foliar region was ten times higher (Lasat et
al. 1996). When Ni concentrations were compared in the contents of vacuoles in the leaves of a
hyperaccumulator and non-accumulator, there was two times the amount of Ni present in the
leaves of the hyperaccumulator (Ute et al. 2000). Serbula et al. (2013) compared metal
concentrations in two known metal-accumulating genera, basswood (Tilia, Tiliaceae) and pine
(Pinus, Pinaceae) at four sites with increasing distance from a copper (Cu) mine and smelter.
They assessed metal concentrations in their roots and their leaves/needles, excluding metals that
could be present from atmospheric deposition by washing the leaves, and found that both Cu and
Pb concentrations were much higher in the leaves than in the roots at each site. This is because
Cu can be absorbed through the roots, but it is more readily transported to the foliar region of
plants in these metal-accumulating species (Rossini and Mingorance 2006). For the purposes of
this study, metals need to be present in leaf parts only as leaves would be the biological material
collected for analysis. So, identifying plants present in the Chattanooga area that may have
metal-accumulating abilities could produce more significant results.
Metal particulates in the atmosphere can travel long distances and be deposited on foliar
surfaces by wet or dry deposition (Swank 1984). Particles can be accumulated within the plant
leaves through foliar transfer, which occurs through two major mechanisms: internalization
through pores in the cuticle or penetration through the stomata openings (Schreck et al. 2012,
Kozlov et al. 2000). Entry into the plant also depends on metal speciation, plant morphological
characteristics, and climate conditions. The cuticle is a lipophilic polymer membrane atop the
plant surface that protects the primary plant organs (Schreiber 2005). Transfer through the cuticle
is favored by molecules that are lipophilic, non-ionized, small, or highly mobile (Larue et al.
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2014, Baur et al. 1997). The cuticular permeability to lipophilic molecules and water is increased
with higher temperatures and humidity (Schreiber 2005, Baur et al. 1997, Schönherr and
Riederer 1989). Schreck et al. (2012) and Uzu et al. (2011) reported the presence of Pb
compounds beneath the organic cuticle layer after exposing plants to lead-rich fallout, showing
particle penetration occurred through the cuticle. Hydrophilic molecules and ionic compounds
enter through the stomata openings or aqueous polar paths of diffusion in the cuticle (Larue et al.
2014, Schreiber 2005). Larue et al. (2014) observed the internalization of Silver (Ag)
nanoparticles in lettuce (Lactuca sativa, Asteraceae) after exposure to its leaves, finding them in
the epidermis, mesophyll, and vascular tissues by entry through the stomatal pathway. Multiple
experiments conducted by Eichert et al. (2001, 2008a, 2008b) found that stomatal uptake occurs
when hydrophilic suspended particles are diffused in water adsorbed to the walls of the stomatal
pores. Once inside the plant, ultrafine particles can cross through the cell walls of plant cells
(Birbaum et al. 2010) or be internalized by endocytosis by the plasma membrane (Raven et al.
1999, Nair et al. 2010).
Sometimes the metal particulates are not taken into the plant at all but are retained atop
the leaf surface. Plants with certain morphological characteristics, like having a rough surface
with hairs or sticky trichomes present, have been found to accumulate more metals (Little 1978,
Madany et al. 1990, Birbaum et al. 2010, Uzu et al. 2011). Fantozzi et al. (2013) used evergreen
oak (Quercus ilex, Fagaceae) to study the role of urban trees as airborne metal accumulators for
this reason: its leaves have dense hair cover and have thick, waxy cuticles. Beckett et al. (2000)
measured the weight of particles per area of foliage for varying taxa at four urban sites, finding
that basswood and elm (Ulmus, Ulmaceae) trees with pubescent and rough surfaces were the
most efficient at capturing particulate matter compared to other taxa. Deposited particles were
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observed to be higher on horse chestnut (Acer hippocastanum, Sapindaceae) compared to
Turkish hazel (Corylus colurna, Betulaceae) due to its surface roughness (Tomašević et al.
2005). One study planted seedlings close to a nickel-copper smelter to determine the difference
in metal presence in leaves due to either root uptake or deposition. They found that 80-95% of Ni
and Cu found in the foliage was due to deposition of the metal on leaf surfaces compared to root
uptake and translocation to the leaves (Kozlov et al. 2000). Oriental sycamore (Platanus
orientalis, Platanaceae) was used to measure atmospheric dust levels on its leaves when it was
sampled monthly in both washed and unwashed leaves. Researchers subtracted the amount of
metal concentrations and found the accumulation of dust atop the leaf surface was ‘considerable
and the contamination of plants by metal occurs mainly by retention of particulate matter’
(Norouzi and Khdemi 2015, pg. 148). This mechanism of leaf surface retention tends to occur
when metal particulates are not bioavailable or when the particles are too large (Uzu et al.
2011).

Metal speciation and mechanisms into plant parts
Metal speciation plays a large role in how metals are available in the environment, how
they interact with it, and how they can enter and bioaccumulate in the foliar region of plants.
Metal speciation is the various chemical forms of a metal under different environmental
conditions (Shahid et al. 2012). These various chemical forms include the level of isotopic
composition; oxidation state; and formed complexes with macromolecules, inorganic, and
organic compounds (Templeton and Fujishiro 2017). Some metals are essential to plant systems
but can be toxic when present in high concentrations like Cd, Cu, and Zn (Yoneyama et al.
2015). Copper can cause nutrient loss and oxidative stress by forming hydroxyl radicals that
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ultimately inhibit photosynthesis (Martins and Mourato 2006, Fernandes and Henriques 1991).
Zinc ions will compete for binding sites with other essential elements they were originally
intended for (Sturikova et al. 2018). Mercury (Hg) is toxic to both humans and ecosystems in
low concentrations and is a global concern because of its high mobility (European Commission
2008).
Various metal species can become bioavailable based on factors of the environment.
Arsenic (As) most commonly exists in the environment in its inorganic forms, As(III) and As(V)
(Quaghebeur and Rengel 2005), though it can also be present as organic forms arsenious acids,
methyl arsenic acid (MMA) and dimethylarsinic acid (DMA) when they are formed by microbes
in the soil (Turpeinen et al. 2002). As(V) is dominant in soils existing under oxidizing conditions
while As(III) exists under slightly reduced conditions and has better mobility in acidic soils
(Masscheleyn et al. 1991). In acidic soils Cd is present as its ionized form of Cd²⁺, while in basic
soils it is present as CdCO₃ (Daisei et al. 2010). Cadmium accumulation in cacao (Theobroma
cacao, Malvaceae) from various types of soil samples showed that 60% of the Cd extracted was
acid-soluble and bound to organic matter (Chavez et al. 2016). Copper bioavailability is
increased as the soil pH decreases and when organic matter presence in the soil is low because it
has a high affinity to bind with them (Lexmond 1980, Gupta and Aten 1993). In acidic soils, Pb
exists as a free ionic species (Pb²⁺) which is soluble and bioavailable. When in basic soils, Pb is
commonly found bound to carbonates and phosphates and is not available to be taken up by plant
species (Martínez and Motto 2000). Lead is also immobilized and unavailable when it absorbs
onto soil organic matter (Seki et al. 1990). Zinc has increased mobility within soils when the pH
is acidic, and the form of Zn that is most common is Zn²⁺ (Cao et al. 2004). If there is an excess
of phosphorus available in the soil, Zn ions can no longer be absorbed by the plant because
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uptake in the roots gets blocked by a fungus and the soil pH is increased which leads to the
formation of Zn-insoluble compounds (Cao et al. 2009, Watts-Williams et al. 2013).
Once bioavailable, there are specific mechanisms of action for each metal species to enter
plant parts (Figure 1.1). As(V) is incorporated into the plant through the phosphate transfer

Figure 1.1 Various mechanisms of action for metals into plant parts based on speciation and soil
properties
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system as its chemical behavior is like that of P(V) (Meharg and Macnair 1991). If P is present,
then As(V) uptake will not occur, though phosphate uptake can occur in the presence of As(V)
(Dembitsky and Rezanka 2003). As(III) inactivates enzymes because of its high affinity for the
thiol groups of proteins and gets taken up by nodulin-26-like intrinsic proteins (NIPs) (Abbas et
al. 2018). Uptake of DMA and MMA into the plant is lower than that of As(III) and As(V)
(Mohammed et al. 2002). Ionized Cd²⁺ is bioavailable to plants and is taken up at the rootsurface membrane by specific uptake transporters (Satoru et al. 2012). Lead adsorbs onto the root
surface and enters the plant through calcium channels (Uzu et al. 2009, White 2012). Selenium
(Se) is taken up in the forms of selenite, selenate, or an organic selenium species (Sors et al.
2005). Selenite readily adsorbs onto soil particles and is less bioavailable to plants compared to
selenate (Hayes et al. 1987). Still, selenite can be taken up by phosphate or silicon transporters
into the roots (Li et al. 2008). Selenate has low affinity to adsorb onto soil particles and is taken
up into the plant from the soil through sulfate transporters (Plant et al. 2005). Zinc uptake
through the roots occurs via protein transporters, specifically Zinc Regulatory Transporters, that
are located within the root cortex and rhizodermal cells’ plasma membrane or in the tonoplast of
vacuoles (Milner et al. 2013). When Zn is absorbed into the leaves from the atmosphere, entry
occurs by diffusion through the cuticle if the Zn particulate is non-polar and lipophilic
(Fernandez and Brown 2013).
Once in the plant system, metal species can be transported to the foliar region from the
roots, get sequestered within the root system, or interact with cells in the foliar region (Figure
1.1). Once inside the root cell cytosols, Cd²⁺ is transferred into the root cell vacuoles and stored,
which leads to most of the Cd accumulation within the root cells (Daisei et al. 2010). When Cd
was exposed to thale cress (Arabidopsis thaliana, Brassicaceae) 89% of the Cd was accumulated
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in the roots and only 11% in the foliar region (Połeć-Pawlak et al. 2005). Lead can be transported
to the aerial regions through the apoplastic pathway or symplastic pathway, though only
approximately 2% of the Pb accumulated may be transported to the leaves (Kushwaha et al.
2018). Uzu et al. (2009) calculated the large difference in transfer factors of Pb to the root (TFroots) and shoots (TF-shoots) equaling 0.10-0.17 and 0.005-0.007, respectively. Mercury levels
have been found to accumulate in the roots rather than the foliar region in alfalfa (Medicago
sativa, Fabaceae) and white horehound (Marrubium vulgare, Lamiaceae) and concentrate
between the epidermis and cortex layers (Carrasco-Gil et al. 2013). Selenite gets sequestered in
the roots and does not travel to the foliar region (Li et al. 2008, Xue Qiang et al. 2010). When
selenate is taken up into the plant from the soil through sulfate transporters, it is readily
transported to the shoots (De Souza et al. 1998). Zinc, most commonly in the form of Zn²⁺, enters
the xylem through the aid of further protein transporters, Heavy Metal ATPases, to be
translocated to the foliar region (Hussain et al. 2004).
During uptake or transportation through the plant, metals can remain in the same species
state or undergo changes in their speciation. When As speciation in plants at polluted sites were
analyzed, determining that all species found (As(III), As(V), DMA, and MMA) did not undergo
changes in speciation during uptake or transfer through the various plant species observed
(Larios et al. 2012). Accumulated Cd was found either as a complex with a bioligand or GSH
complex in both the roots and leaves, metallothioneins in the roots only, or as a complex with
cysteine amino acid in the leaves only (Połeć-Pawlak et al. 2005). Lead has not been found to
biotransform or speciate in the foliar region, where on the surface, Pb⁺ molecular fragments were
low, determining Pb speciation at the leaf surface was not possible. The internalization in leaf
cuticle tissues of Pb-containing particles as primary particulate matter without any
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biogeochemical transformation (Schreck et al. 2012). Mercury is found in its elemental form
(Hg⁰), ionic forms (Hg⁺, Hg²⁺), or in methylated forms (Clarkson 1972). In the root system, Hg
can be bound ionically to carboxylate groups of organic acids (Riddle et al. 2002) or sulfurcontaining ligands (Rajan et al. 2008). Furthermore, 77% of metal species found localized in the
roots of alfalfa and white horehound were organic sulfur-containing ligands bound to Hg with
the remaining species being in methylated forms (Carrasco-Gil et al. 2013). When it is
sequestered in the roots, selenite is reduced to SeCys (Ng and Anderson 1978) which can be
further transformed to other organic species by methylation (Marinus et al. 2003). These
reductions help the plant detoxify the metal, as it no longer can incorporate into proteins after the
reduction occurs (Van Hoewyk 2013). In a Se speciation analysis completed in Indian mustard
(Brassica juncea, Brassicaceae) roots there were 56% methylated Se complexes, 28% selenate,
and 16% selenite. The leaves contained a higher amount of selenate at 70%, 24% methylated Se
complexes, and 6% selenite. Since methylated Se complexes are so high, that suggests large
amounts of Se is taken up from the soil in the selenite form and undergoes methylation in the
roots before transporting to the foliar region (Eiche et al. 2015). Zinc can bind with
nicotianamine once within the root, where this ligand complex has been found to mediate
passage of Zn²⁺ to the xylem cells (Deinlein et al. 2012).

Variables of concern
There are various procedures that have occurred historically in plant collection and
preparation for storing of plants in herbaria that could have exposed specimens to metal
contamination. Once specimens are collected, they are pressed within a wooden press between
newspaper (Maden 2004). Detectable levels of Cd, Cr, and Pb have been found in newspaper ink
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pigments with Cr levels four times that of the other metals (Ward et al. 2000). A small migration
of the metal toxicants can occur from the newspaper ink to the plant material when they
encounter one another, and potentially lead to metal contamination that could skew the results.
Herbarium specimens need to be protected against insect damage, so mercuric chloride has
historically been used within herbarium cabinets to protect against this type of damage, with the
first documented use by J.P. Brown in 1837 (Brown 1837, Briggs et al. 1983). Herbaria used Hg
treatments until they were phased out through the 1960s-1970s, with only the occasional
herbarium using the treatment by 1980 (Croat 1978). Countless specimens could be
contaminated with Hg for this reason and therefore could also unknowingly skew the results if
they were to be used in future metal analysis. To include all viable routes of future analysis, I
have included the section on leaves with morphological characteristics that could aid in metal
accumulation atop the leaf surface, though it may be in the best interest of the future researcher
to wash all leaf samples before analyzing metal contents to exclude any outside variables of
possible metal contamination not directly from atmospheric or soil pollution.
Other potential variables that may disrupt metal analysis results could be environmental
in nature, like the seasonal variations of plant growth and the habitat in which the plant species is
present. For herbaceous species or the new growth of deciduous trees, samples collected in early
spring will have only been alive long enough to accumulate metals for a short few months.
Comparatively, plants collected at the end of summer to early fall will have had the whole
growing season to accumulate metals atop their leaves are within the plant parts. Additionally,
the cuticular permeability to lipophilic molecules and water is increased with higher
temperatures and humidity, as mentioned above (Schreiber 2005, Baur et al. 1997, Schönherr
and Riederer 1989). This allows for internalization of particles through the cuticular membrane
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at a higher rate during the summer months when temperatures and humidity are at a height.
Specifically, in the study area of Chattanooga, summer temperatures reach an average of 83.98°F
and the humidity averages 76.62% (NWS 2020).
Furthermore, metals are largely only bioavailable to plant species when they are present
in acidic soils (Masscheleyn et al. 1991, Daisei et al. 2010, Chavez et al. 2016, Lexmond 1980,
Gupta and Aten 1993, Martínez and Motto 2000, Cao et al. 2004). Upon further investigation of
the soils in Hamilton County and around Lookout Mountain in Walker and Dade counties (soil
data for Catoosa County was unavailable), soils in the area are largely composed of Fullertonurban land complex, Colbert-urban land complex, and Boulding-Gilpin complex soils (WSS
2020). All these soils are acidic with pH ranges between 4.5-5.5 (USDA 1982). In each general
habitat of the greater Chattanooga area (Lookout and Signal mountains, urban areas of Hamilton
County, Lookout and Chattanooga valleys) these soils types account for between 50-75% of all
soils present (WSS 2020). For this reason, it is likely a sample will have been collected from
acidic soils, but it is important to check soil survey data of a samples’ collection point before
metal analysis is conducted.

Goals
The primary objective of this research is to determine if there are enough herbarium
specimens to set up future studies that would increase our knowledge about temporal and spatial
metal particulate air pollution trends in Chattanooga. To accomplish this, I will determine which
herbarium specimens from the area and from points in time with different pollution levels are
available within southeastern herbaria through SERNEC for potential analysis of metal presence
based off the required parameters: there must be multiple specimens of each species from pre-,
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during, and post- 1960s; each specimen must have enough biological plant material to remove
some without destroying the integrity of the specimen; the species must be one with metalaccumulating properties or morphological characteristics that increase the chances of deposition
upon the leaf surface; and the species must be from the study area of Hamilton County,
Tennessee or the northern portions of surrounding counties in Georgia (Catoosa, Dade, and
Walker).
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CHAPTER II
METHODOLOGY

Determination of date ranges for specimen clustering
When determining the time blocks for analysis of pre-, during, and post- 1960s, time
periods were split into three ‘eras’ termed pre-pollution era (1919-1949), heavily polluted era
(1950-1980) and post-pollution era (1981-2021). The pre-pollution era begins in 1919 to include
all specimens we may find from that time, though there are few specimens collected before 1930
present in UCHT. The heavily polluted era begins in 1950 as the first reports of high
concentrations of particulate air pollution in Chattanooga were completed by the HEW through
the 1950s and 60s (HEW 1958, HEW 1966) and they officially listed Chattanooga as the most
polluted city in the U.S. for air particulates in a report from 1969 (HEW 1969a). The CAA and
the EPA were formed in 1970, increasing regulation and control on air pollutants and metals
through the 1970s (EPA 1970a). By the mid-1980s, they had already reached their local
attainment goals on annual levels of particulates in the atmosphere, and they achieved the federal
standards in 1989 (HCAPCB 2020).

Determination of study taxa
Study taxa were determined based on past research publications that reported vascular
species used in similar studies with successful results. Studies found with taxa used at least two
times and found successful results in determining changing concentrations of metals over time,
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or accumulating metals in industrial or urban areas within their aerial parts were selected to
undergo further analysis through SERNEC. Species observed as successful metal detectors or
accumulators through these literature reviews were not present within the study area, as many of
the publications were from other regions of the U.S. or other countries around the world.
Therefore, here we will use the same genera with metal accumulation or detection properties
found within the literature reviews but will search through SERNEC for species present within
the study area.
Species that have morphological characteristics (waxy cuticle, sticky trichomes, or a
rough/hairy surface) on their foliage that would allow for the capture of metals via deposition
atop the leaf surface will also be surveyed. These species must be present and relatively common
within the study area and therefore native or introduced to the area before 1919. Research on
these species was completed through reviewing characteristics in the “Guide to the Vascular
Plants of Tennessee” (TFC 2015), “Flora of North America” (FNA 2015), “Flora of the Southern
and Mid-Atlantic States” (Weakley 2015), and the Tennessee-Kentucky Plant Atlas online
resource (Shaw et al. 2021).

Determination of number of specimens needed from each pollution era
Past publications using plant material samples over time were surveyed to determine how
many specimens of each species were needed from each period to obtain statistically significant
results in future metal analysis. Minimum number of specimens used was never addressed in any
publications nor was the statistical significance of the number of specimens used. Peñuelas and
Filella (2002) analyzed metal concentrations in the herbarium specimens of 22 different taxa
through four decades. One to eight different herbarium specimens from each sampling decade
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were used. Rudin et al. (2017) compared live specimens collected to herbarium specimens from
between 1846-1916. A total of 50 herbarium specimens were selected to include close relatives
to those collected in 2015, but only one genus was represented in both periods. Each sample
analyzed contained material from two to five specimens, though they were commonly specimens
of different species within the same genus. Approximately 0.5g of leaf material was taken from
each specimen to pool into the sample, so if one specimen had enough material (1.0-2.0g or up to
~10cm² of leaf material) it could represent a period well. Rodríguez Martín et al. (2015)
compared herbarium specimens collected in 1941 to live specimens collected at the time of the
study. Only one leaf sample from one herbarium specimen was analyzed from eight different
species during the two sampling periods. All three studies were successful in detecting metals in
the herbarium specimens over time, so it does not seem that there was a minimum requirement of
specimens that may be used for sampling if there was enough leaf material present between few,
or even one, herbarium specimen. For specimens with less leaf material available, it may be
more significant to have two to three herbarium specimens available for that pollution era for
analysis. If a specimen had enough leaf material available for sufficient analysis, then it may be
sufficient to represent that taxa for the pollution era. Duplicate specimens, or parts from the same
individual split into multiple herbarium specimens, could be a valuable tool in providing
additional leaf material to the study without destroying the integrity of a single specimen.
Though, duplicate specimens should not count as individuals when analyzing the number of
specimens available within a species.
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Determination of biological material restrictions
Collecting leaf material from herbarium specimens is a destructive process, and therefore
will only occur on herbarium specimens with enough leaf material present to suffer the loss of
material without destroying the integrity of the specimen. Past publications that use leaf samples
to measure metal concentrations have sampled approximately 0.5-1.0g of leaf material per
sample, which equates to ~5cm² or one moderately sized leaf (Rudin et al. 2017, Kalkıșım et al.
2014, Rodríguez Martín et al. 2015, Pavlovic et al. 2017). Herbarium samples excluded from the
study were samples that did not contain at least 20cm² of total leaf material or four moderately
sized leaf samples (Figure 2.1). Furthermore, leaf collections should be made at the lowest point
on the plant specimen to obtain the older leaf samples rather than newer ones that may not yet
have had time to accumulate metals within their system or accumulate deposition on their leaf
surface. Leaves should also be in a terminal position to be more favorable to grab particulate
matter from the atmosphere.
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Figure 2.1 Specimens are required to have at least four leaves each at 5cm², or three leaves if
much larger. The specimen on the left only contains three leaves, each ~5cm in
length and 3-4cm wide, which does not meet the requirements

Search parameters for herbarium specimens to use in potential chemical analyses
Searches were performed to identify plant specimens (1) within UCHT from Hamilton
County, Tennessee, and the northern portions of surrounding counties in Georgia (Catoosa,
Dade, and Walker) and (2) for this same area but from other southeastern herbaria. Searches
were conducted using the Southeast Regional Network of Expertise and Collections (SERNEC)
portal. Preference would be to identify specimens within UCHT because of the benefit of inhouse decision making on potential destructive sampling. Next, specimens were organized in the
three various date ranges. Taxa were selected depending on their metal-accumulating abilities,
success in tracing metals over time, or morphological characteristics. Initial searches on genera
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were narrowed down to species by identifying which species have significant numbers of
specimens or leaf material available if there are few specimens available during a pollution era.
The study specimens were further narrowed down to exclude all specimens that did not have
enough biological material on the paper (less than four leaves at 5cm² in size) to take for analysis
without destroying the specimen or did not have the date listed on the label information. If there
was still a surplus of specimens, further narrowing took place through selecting which specimens
were more ‘significantly located’ within the study area as being closer to downtown
Chattanooga. For example, within the study area, specimens may have been collected from atop
the mountains of the Cumberland Plateau or a significant distance from the center of
Chattanooga. Significant locations, described in Appendix A, are within a ten miles radius of
downtown Chattanooga, excluding any specimens that are atop Signal, Lookout, or Raccoon
Mountains.

Sample size calculation
I hypothesized that there would be enough herbarium specimens from Southeast herbaria
within the study area to be used in future analysis of metal presence, but it is important to
determine how large our sample size needs to be in each pollution era of each species for
statistical significance. The area of concern here was that there will not be enough herbarium
specimens from the pre-pollution era specifically for various species, so a sample size and power
calculation should be conducted to determine the sample size needed within the pre-pollution era
to obtain statistical significance when comparing pollution eras. As mentioned, studies like this
completed in the past have not used a consistent sample size or calculated the minimum sample
size necessary. Because of this, it is difficult to estimate sample size with such inconsistent prior
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examples meaning I would need to conduct a post hoc power calculation which would solely be
based on assumption and is advised against (Turner and Houle 2018). For this reason, sample
size and power calculations are advised to be conducted in future metal analysis studies when
more sample size information may be available.

Acquiring dates and locality information for specimens in online repositories
Online repositories like SERNEC provide researchers with easy access to herbarium
specimens from various herbaria, but the amount of access available can be limited. Each
digitized specimen should have the label information databased into SERNEC to be readily
accessed through search parameters, but not all herbaria have fully databased the label
information. Commonly, when digitized specimens are originally uploaded into SERNEC, they
only contain what is termed ‘skeletal’ data. This only includes the scientific name and authority,
state, county, and country. Important label information like the date and specimen locality were
excluded. This creates limitations in access to these specimens because they will not be
presented when searched for if the label information is not available. For example, when
searching for specimens in the pre-pollution era between 1919-1949, all specimens that do not
have the date information databased will not be presented in the search output even if they were
collected during that time. So, to receive the date information from a label of interest, I would
have to individually view each specimen image to determine the date on which they were
collected to organize them appropriately. This is a time-consuming process but can be sped up by
creating a Notes From Nature (NFN) expedition. Notes from Nature is a project run by
Zooniverse that organizes museum records into expeditions so that citizen scientists and other
volunteers, like students, can transcribe the missing label information. An expedition is created
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by building a Darwin Core spreadsheet through SERNEC and uploading it to NFN. A
spreadsheet is built by creating a search output through SERNEC of the taxa, from the study area
designated, desired to have the full label information available and downloading it to upload into
NFN. Once an expedition is placed on the NFN webpage, citizens can transcribe the missing
information. An image of the herbarium specimen is displayed, and transcribers read the label
information and fill in the fields provided: location, habitat & description, collected by, collector
number, month, day and year. After all specimens are transcribed in the expedition, the
completed file is uploaded back into the SERNEC portal and the specimens can now be searched
by all parameters originally available on the label.
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CHAPTER III
RESULTS

Taxa successful in detecting or accumulating metals
Genera were selected based on their use in previous studies to determine their metalaccumulating abilities or ability to trace metals through time (Table 3.1). Maples (Acer,
Sapindaceae) have been found to accumulate more metals in areas with traffic pollution,
specifically Ba and Fe, in the foliage region of the plant (Cetin et al. 2019) as well as Fe and Mn
accumulation in their leaves in an urban environment (Kosiorek et al. 2016). The mustard family
Brassicaceae holds many hyperaccumulators, the genus Brassica being one of them. In a
phytoremediation study, it was found to accumulate the maximum amount of Fe, and a high
amount of both Mn and Zn (Chandra et al. 2009). In other studies, it was found to have a high
affinity for accumulating Cd, Pb, and Hg (Van Ginneken et al. 2009, Tangahu et al. 2011).
Sunflowers (Helianthus, Asteraceae) have shown they can accumulate Pb, Cd, and Ni (Lin et al.
2003, Liphadzi et al. 2003). Poplars (Populus, Salicaceae) can also accumulate Pb, Cd, and Ni
(Liphadzi et al. 2003), as well as accumulate As, Cu, Zn, and Pb specifically in their foliage
(Vamerali et al. 2009). Specifically, Populus was found to accumulate more Ni and Zn in their
foliage than their roots (Kalubi et al. 2016). In the same study, Willow (Salix, Salicaceae) was
also found to have the same accumulating properties as Populus, and another study showed again
it can accumulate Zn in its leaves along with Cd (Hammer et al. 2003). Walnut (Juglans,
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Juglandaceae) was found to display higher concentrations of Al, Cd, Cr, and Cu near high traffic
density (Kalkıșım et al. 2014) and accumulate Fe, Mn, and Zn much more readily in its foliage
compared to bark (Dogan et al. 2014). Pine (Pinus) has waxy cuticles and has shown it can
accumulate Cu (Mingorance et al. 2007) and accumulated Cu and Pb in its foliage in an
industrial region, as did the genus Tilia (Serbula et al. 2013). Basswood (Tilia) has also been
found to accumulate Cr, Fe, Ni and Pb (Aničić et al. 2011). Buckeyes (Aesculus) can accumulate
Cr, Fe, Ni, Pb, and Zn (Aničić et al. 2011) and have shown they can accumulate Cu and Zn from
the soil to their leaves along with retaining Zn depositions atop the leaf surface (Kim and
Fergusson 1994). Sycamore (Platanus) leaves have been successfully used to analyze metal
concentrations in urban areas vs. non-urban areas (Khosropour et al. 2019) and to determine
which metal concentrations are highest from traffic pollution (Ozel et al. 2015). Plantains
(Plantago, Asteraceae) better accumulate Pb in its foliar region compared to other plant parts
(Yoon et al. 2006) and were successfully used in detecting Pb, Cu, and Zn changes in
concentration over time in an industrial area (Rudin et al. 2017). Oak (Quercus) has successfully
detected significant changes in Pb concentrations over time (Fantozzi et al. 2013) as well as Cd,
Ni, Pb and Cr concentrations in a separate study (Rodríguez Martín et al. 2015). Oaks have also
shown they can accumulate Pb and Cu in areas with higher traffic density (Ugolini et al. 2013).
Violets (Viola, Violaceae) can accumulate Cd, Zn, and Pb in their foliar parts in an industrial
area (Liu et al. 2004, Wu et al. 2010).
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Table 3.1 Genera studied in past publications and results on how they were successful in
uptaking metals to their foliage or showing successful changes in metals concentrations
over time
Reference

Genera Used

Notes

Cetin et al.
2019

Acer

During times of higher traffic density, it was found that Ba
and Fe concentrations were higher in the foliage of the plant

Kosiorek et
al. 2016

Acer

Leaves showed a high average concentration of Fe and Mn

Chandra et al.
2009

Brassica

Plant samples analyzed showed maximum accumulation of
Fe, and high accumulation of Mn and Zn

Van
Ginneken et
al. 2007

Brassica

Shown to have a high affinity for accumulating Cd and Pb,
Brassica was also a significant Hg accumulator

Lin et al.
2003

Helianthus

Cu concentrations were 25x higher in the roots than the
control and ~27% of the Cu was translocated to the leaves

Liphadzi et al. Helianthus and
2003
Populus

Showed maximum removal of metals Cd, Ni and Pb

Vamerali et
al. 2009

Populus and
Salix

Foliage contained high concentrations of As, Cu, Pb, and Zn
(Zn concentrations in foliage were 6x that of the wood)

Kalubi et al.
2016

Populus

Results showed that the leaves of a Populus species
accumulated more Ni and Zn than the roots

Hammer et al. Salix
2003

Cd and Zn concentrations were found to be significant
within the foliar region when tested in contaminated soils

Kalkıșım et
al. 2014

Juglans

Found that Al, Cd, Cr, Cu, and Sr concentrations were
higher in samples collected near a highway

Dogan et al.
2014

Juglans

Fe, Mn, and Zn concentrations were found to be high in the
foliar regions compared to the bark samples taken, and were
also much higher in concentration than other metals
analyzed

Mingorance
et al. 2007

Pinus

Found that the waxy needles of Pinus were accumulators of
Cu

Serbula et al.
2013

Pinus and Tilia

High concentrations of Cu and Pb were found in the aerial
parts of both species near a copper smelter
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Aničić et al.
2011

Tilia and
Aesculus

Aesculus was found to significantly accumulate Cr, Fe, Ni,
Zn and Pb and Tilia was also found to accumulate the same
metals, excluding Zn.

Kim and
Fergusson
1994

Aesculus

Found that Cu and Zn concentrations are hyper accumulated
from the soil to the leaves. Zn is also deposited readily atop
the leaf surface as well as Pb.

Peñuelas and
Filella 2002

Acer, Pinus,
Plantago,
Populus,
Quercus, Salix

Found a 350% increase of V (created from combustion of
fossil fuels) between 1920s to 1990s as well as an increase
in Zn, Cr, Ba, and Sr

Yoon et al.
2006

Plantago

Pb concentrations in the foliar region were found in much
higher concentrations than the roots and other plant species
studied

Rudin et al.
2017

Plantago

Plantago was extremely successful in detecting significant
Pb, Cu, and Zn drops in concentration over time using
historical and present-day specimens

Khosropour et Platanus
al. 2019

Platanus leaves were analyzed to determine their
physiological, biochemical, and anatomical properties when
exposed to urban pollution. Researchers found that Cd, Pb,
Ni, and Cr levels were higher in the leaves within the urban
area, compared to leaves in a non-urban forest park.

Ozel et al.
2015

Platanus leaves were used to measure metal concentrations
caused by traffic pollution. Results showed that traffic
emitted metals in the order of Pb>An>Ni>Cu>Cr>Cd.

Platanus

Fantozzi et al. Quercus
2013

Detected significant decrease in the concentration of Pb

Rodríguez
Martín et al.
2015

Quercus

Found an increase in Cd, Ni, and Cr concentrations in an
urban area but decrease in Pb due to control of leaded fuels

Ugolini et al.
2013

Quercus

Found that leaves close to areas with heavy traffic contained
higher amounts of Pb and Cu than leaves at a farther
distance

Liu et al.
2004
Wu et al.
2010

Viola

Cd concentrations were found to be significantly higher in
the foliar region of the plant compared to the roots growing
on a Pb/Zn mine. The second study found that Viola was
also a strong accumulator of Pb and Zn in the same study
area
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Taxa with morphological characteristics
Species where selected based on their descriptions within Southeastern Floras and
identification keys (Table 3.2). Chalk maple (Acer leucoderme) is moderately to densely
pubescent on the leaf surface, especially around the leaf veins (Shaw et al. 2021, Weakley 2015).
Mockernut hickory (Carya tomentosa, Juglandaceae) was selected and described as being
densely hirsute on the lower surface of leaflets. The hairs were 2-8-rayed, fascicled, and
multiradiate (Weakley 2015) and the petiole and rachis are also densely hirsute (TFC 2015,
Shaw et al. 2021). Erigeron pulchellus (Asteraceae) is commonly known as hairy fleabane as the
stems and leaves are both densely pubescent with long hairs (Shaw et al. 2021, Weakley 2015).
Helianthus species selected were H. divaricatus, H. hirsutus, H. microcephalus, H. mollis, and
H. strumosus. Images of H. divaricatus on the Tennessee-Kentucky Plant Atlas and specimen
images on SERNEC showed the leaves were covered in pubescent hairs on the adaxial surface
(Shaw et al. 2021, NSF 2014) as well as having a scabrous or rough surface, giving it the
common name of rough sunflower (NCSU and NCATS 2021). The hairy sunflower (H. hirsutus)
leaves are scabrous and rough like H. divaricatus (Shaw et al. 2021), but the abaxial surface is
also hirsute and gland-dotted (FNA 1993). The small woodland sunflower (H. microcephalus)
was described in the Weakley Flora as ‘usually tomentulose, with abundant subsessile glandular
trichomes’, where tomentose means to have dense, wooly hairs (Weakley 2015 pg. 1135, TFC
2015). The ashy sunflower (H. mollis) leaves are hispid to tomentose and gland-dotted (FNA
1993) with images on the Tennessee-Kentucky Plant Atlas showing individuals as densely hairy
(Shaw et al. 2021). Sunflower species H. strumosus also has the common name of rough
sunflower because of its rough leaves and it is further densely gland-dotted on the abaxial
surface (TFC 2015). Both species present in the Southeast U.S. from the genus Juglans are
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covered in hairs. Butternut (J. cinerea) has reddish-brown glandular hairs and leaf scars on the
upper leaf margin that have a velvet-like ridge (Weakley 2015). The Guide to the Vascular Plants
of Tennessee described these leaf scars as a ‘mustache-like cluster of hairs’, (TFC, pg. 565).
Black walnut (J. nigra) has two-rayed, fascicled hairs on the abaxial surface (Weakley 2015,
FNA 1993). Magnolia (Magnoliaceae) species, M. virginiana and M. grandiflora also have
evergreen, waxy leaf surfaces (TFC 2015). Southern magnolia (M. grandiflora) has reddishbrown pappus scales and pubescent hairs beneath the surface (Weakley 2015). Pinus species
were selected because pine needles are coated with a thick cuticle wax layer that has been found
to be successful in making Pinus a great biomonitor taxa (Serbula et al. 2015, Mingorance et al.
2007). The leaves of Populus alba are densely white-tomentose on the abaxial leaf surface
(Shaw et al. 2021, Weakley 2015). Quercus species selected were Q. falcata, Q. marilandica, Q.
michauxii, Q. stellata, and Q. velutina. Southern red oak (Q. falcata) is densely pubescent on the
lower surface of the leaf, the hairs being tawny stellate (Weakley 2015, FNA 1993). Blackjack
oak (Q. marilandica) is pubescent on the lower leaf surface with tawny glandlike hairs (Weakley
2015). Swamp chestnut oak (Q. michauxii) has hair between the veins and is velvet to the touch
(TFC 2015) or felty to touch because of minute, erect, 1-4-rayed hairs (FNA 1993). Post oak (Q.
stellata) leaves have many yellow-gland hairs as well as 6-8-rayed stellate hairs that can feel
sandpapery to the touch (FNA 1993). Black oak (Q. velutina) has rusty-brown pubescent hairs
across the abaxial surface (TFC 2015) that are coarse and stellate (Weakley 2015). Azalea
(Rhododendron, Ericaceae) species were chosen for having waxy leaf surfaces (Weakley 2015).
Downy yellow violet (Viola pubescens) was selected because the entire foliar region is densely
pubescent, so much so that the Guide to the Vascular Plants of Tennessee called the leaf surfaces
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‘obviously’ pubescent (Weakley 2015; TFC 2015, pg. 711). Blue violet (Viola sororia) was also
selected as both the abaxial and adaxial surfaces are pubescent (Weakley 2015, FNA 1993).

Table 3.2 Species found through Southeastern Flora and identification keys to possess surface
characteristics, such as a waxy cuticle or hairy leaves, that will increase their chances of
obtaining metals through deposition atop the leaf surfaces
Taxa
Acer leucoderme

Notes

Image

Moderately to densely
pubescent on the leaf surface,
especially around the leaf veins

(Shaw et al. 2021)
Carya tomentosa

Densely hirsute on the lower
surface of the leaflets

(Shaw et al. 2021)
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Erigeron pulchellus

Known as hairy fleabane,
stems and leaves both densely
pubescent with long hairs

(INaturalist – mooseky)
Helianthus divaricatus Leaves covered in pubescent
hairs on the adaxial surface

(Shaw et al. 2021)
Helianthus hirsutus

Known as hairy sunflower,
leaves are hirsute and rough

(INaturalist – ajtrently)
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Helianthus
microcephalus

Tomentose with abundant and
subsessile glandular trichomes

(INaturalist – onagraceoid)
Helianthus mollis

Leaves are hispid to tomentose
and gland-dotted

(INaturalist – rhitt)
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Helianthus strumosus

Also known as rough
sunflower with rough and
scabrous leaves, densely glanddotted on the abaxial surface

(INaturalist – destes)
Juglans cinerea

Reddish-brown glandular hairs
with a velvet-like ridge of leaf
scars on the leaf margin

(INaturalist – nstahlman)
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Juglans nigra

Two-rayed and fascicles hairs
on the abaxial leaf surface

(INaturalist – jenlowman)
Magnolia virginiana

Evergreen, waxy leaves

(INaturalist – chipper)
Magnolia grandiflora

Evergreen, waxy leaf surfaces
with reddish-brown pappus
scales on the abaxial leaf
surface

(INaturalist – jefferykarafa)
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Pinus sp.

Needles coated with thick
cuticle waxy layer

(INaturalist - cassidymonger)
Populus alba

Densely white-tomentose on
the abaxial leaf surface

(INaturalist – alanasuslova)
Quercus falcata

Densely pubescent with tawny
stellate hairs

(Shaw et al. 2021)
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Quercus marilandica

Waxy leaf surfaces, pubescent
on the lower leaf surface with
tawny glandlike hairs

(Inaturalist – onagraceoid)
Quercus michauxii

Velvet to the touch with hair
between the leaf veins

(Shaw et al. 2021)
Quercus stellata

Yellow-gland hairs and 6-8rayed stellate hairs, sandpaper
feel

(Shaw et al. 2021)
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Quercus velutina

Rusty-brown pubescent hairs
across the abaxial leaf surface

(INaturalist – cem9235)
Rhododendron sp.

Waxy leaf surfaces

(Shaw et al. 2021)
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Viola pubescens

Foliar region densely
pubescent

(Shaw et al. 2021)
Viola sororia

Leaf surfaces pubescent

(INaturalist – fieldfalcon)

Herbarium specimen search
There were 503 total specimens from 10 families, 12 genera, and 35 different species.
There were 107 total specimens from the pre-pollution era, 162 total specimens from the heavily
polluted era, and 233 total specimens from the post-pollution era. There were 71 additional
duplicate specimens included in the list of specimens (Appendix B, C, D), but they were not
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included in the total number of specimens available. 408 of the total specimens available for
future metal analysis are located at UCHT, including the duplicate specimens here.

Metal-accumulating taxa
There were 253 total specimens from five families, five genera, and 16 different species
shown in Table 3.3, Figure 3.2, and Appendix B. There were 33 additional duplicate specimens
not included in the total amount that were included in the total list of specimens in Appendix B.
208 of these specimens are housed at UCHT, including some of the duplicate specimens. Acer
had 79 total specimens, 65 from UCHT, and five additional duplicate specimens. The genus was
represented by the species A. negundo, A. rubrum, A. saccharinum, and A. saccharum. Boxelder
(A. negundo) had 15 total specimens, all from UCHT. Red maple (A. rubrum) had 22 total
specimens, 19 from UCHT. Silver maple (A. saccharinum) had 27 total specimens, 25 from
UCHT. Sugar maple (A. Saccharum) had 15 total specimens, six from UCHT. Platanus is
represented by the species P. occidentalis (American sycamore) and had 18 total specimens, 16
from UCHT, and two additional duplicate specimens. Quercus had 70 total specimens, 60 from
UCHT, with nine additional duplicate specimens. The genus was represented by the species Q.
alba, Q. nigra, Q. phellos, and Q. rubra. White oak (Q. alba) had 26 total specimens, 24 from
UCHT. Water oak (Q. nigra) had 16 total specimens, 14 from UCHT. Willow oak (Q. phellos)
each had 18 total specimens, 14 from UCHT. Northern red oak (Q. rubra) had 10 total
specimens, eight from UCHT. Salix had 23 total specimens and three additional duplicate
specimens, 21 from UCHT, represented by the species S. babylonica and S. nigra. Weeping
willow (S. babylonica) had seven total specimens, all from UCHT. Black willow (S. nigra) had
16 total specimens, 14 from UCHT. Viola had 63 total specimens, 46 from UCHT, with 14
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Table 3.3 Available specimens of potential metal-accumulating species from the pre-pollution
era, heavily polluted era, and post-pollution era
Genera
species

Pre-Pollution Era Heavily Polluted Era Post-Pollution Era
1919-1949
1950-1980
1981-2021

Total

Acer
negundo
rubrum
saccharinum
saccharum

5
6
1
3

4
7
5
7

6
9
21
5

15
22
27
15

Platanus
occidentalis

1

5

12

18

Quercus
alba
nigra
phellos
rubra

5
3
3
2

5
5
6
3

16
8
9
5

26
16
18
10

Salix
babylonica
nigra

2
5

2
3

3
8

7
16

Viola
canadensis
pedata
primulifolia
striata
tripartita

5
2
2
5
5

5
10
2
6
1

3
1
5
3
8

13
13
9
14
14

Total

55

76

122

253

additional duplicate specimens. The genus was represented by the species V. canadensis, V.
pedata, V. primulifolia, V. striata, and V. tripartita. Canadian white violet (V. canadensis) had 13
total specimens, nine from UCHT. Birdfoot violet (V. pedata) had 13 total specimens, 10 from
UCHT. Primrose-leaved violet (V. primulifolia) had nine total specimens, five from UCHT.
Cream violet (V. striata) had 14 total specimens, all from UCHT. Three-part violet (V. tripartita)
had 14 total specimens, eight from UCHT. Species in the genera Aesculus (buckeye), Brassica
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(mustard), Tilia (basswood), and Plantago (plantain) did not have specimens with enough
material for study available during various pollution eras from the UCHT herbarium nor other
herbaria to be considered for future metal analysis.

Metal-accumulating Species from each Pollution Era
30
25

20
15
10
5
0

Pre-pollution era (1919-1949)

Heavily polluted era (1950-1980)

Post-pollution era (1981-2021)

Figure 3.1 Visual representation of the number of specimens available from each metalaccumulating species during the pre-pollution era, heavily polluted era, and the postpollution era

Metal-accumulating taxa with morphological characteristics
There were 192 total specimens from six families, seven genera, and 14 different species
shown in Table 3.4, Figure 3.3, and Appendix C. There were 33 additional duplicate specimens
not included in the total amount that were included in the total list of specimens in Appendix C.
152 of these specimens are housed at UCHT, including some of the duplicate specimens. Acer
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had 12 total specimens, three from UCHT, with seven additional duplicate specimens. The genus
was represented by the species A. leucoderme (chalk maple). Helianthus had 42 total specimens,
31 from UCHT, and 15 additional duplicate specimens. The genus was represented by the
species H. divaricatus, H. hirsutus, H. microcephalus, and H. mollis. Woodland sunflower (H.
divaricatus) had seven total specimens, three from UCHT. Hairy sunflower (H. hirsutus) had 15
total specimens, 13 from UCHT. Small woodland sunflower (H. microcephalus) had 14 total
specimens, 13 from UCHT. Ashy sunflower (H. mollis) had six total specimens, two from
UCHT. Rough sunflower (H. strumosus) did not have enough specimens from various pollution
eras to be considered for future metal analysis. Juglans had 10 total specimens, all from UCHT,
represented by the species J. nigra (black walnut). Butternut (J. cinerea) did not have enough
specimens from various pollution eras to be considered for future metal analysis. Pinus had 15
total specimens, 10 from UCHT, and one additional duplicate specimen. The genus was
represented by the species P. virginiana (Virginia pine). Remaining Pinus species did not have
enough specimens from various pollution eras to be considered for future metal analysis.
Populus had 10 total specimens, nine from UCHT, represented by the species P. alba (white
poplar). Quercus had 59 total specimens and six additional duplicates specimens, with 49
specimens from UCHT. The genus was represented by the species Q. falcata, Q. marilandica, Q.
michauxii, and Q. velutina. Southern red oak (Q. falcata) had 20 total specimens, 18 from
UCHT. Blackjack oak (Q. marilandica) had six total specimens, seven from UCHT (including
the duplicates). Swamp chestnut oak (Q. michauxii) had 22 total specimens, 18 from UCHT.
Black oak (Q. velutina) had 11 total specimens, six from UCHT. Post oak (Q. stellata) did not
have enough specimens available from various pollution eras to be included in future metal
analysis. Viola had 44 total specimens and three additional duplicates specimens, with 40
54

specimens from UCHT. The genus was represented by the species V. pubescens and V. sororia.
Downy yellow violet (V. pubescens) had 15 total specimens, 12 from UCHT. Blue violet (V.
sororia) had 29 total specimens, 28 from UCHT.

Table 3.4 Available specimens of potential metal-accumulating species that have morphological
characteristics to aid in deposition atop the leaf surface from the pre-pollution era,
heavily polluted era, and post-pollution era
Genera
species

Pre-Pollution
Era
1919-1949

Heavily Polluted
Era
1950-1980

Post-Pollution
Era
1981-2021

Total

Acer
leucoderme

2

5

5

12

Helianthus
divaricatus
hirsutus
microcephalus
mollis

3
2
1
2

2
7
5
2

2
6
8
2

7
15
14
6

Juglans
nigra

3

5

2

10

Pinus
virginiana

1

6

8

15

6

3

1

10

Quercus
falcata
marilandica
michauxii
velutina

4
2
5
1

4
2
6
4

12
2
11
6

20
6
22
11

Viola
pubescens
sororia

5
2

4
15

6
12

15
29

Total

39

70

83

192

Populus
alba
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Metal-accumulating Species with Morphological Characteristics
from each Pollution Era
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Figure 3.2 Visual representation of the number of specimens available from each metalaccumulating species with morphological characteristics during the pre-pollution
era, heavily polluted era, and the post-pollution era

Taxa with morphological characteristics
There were 58 total specimens from six families, six genera, and five different species
shown in Table 3.5, Figure 3.4, and Appendix D. There were five additional duplicate specimens
not included in the total amount that were included in the total list of specimens in Appendix D.
48 of these specimens are housed at UCHT, including some of the duplicate specimens. Carya
had 17 total specimens, and two additional duplicates, 16 specimens from UCHT, and was
represented by the species C. tomentosa (mockernut hickory). Erigeron had 13 total specimens
and one additional duplicate, 10 specimens from UCHT, and was represented by the species E.
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pulchellus (hairy fleabane). Magnolia had 10 total specimens, nine from UCHT, and was
represented by the species M. grandiflora (Southern magnolia). Sweetbay (M. virginiana) did
not have enough specimens available from various pollution eras to be included in future metal
analysis. Rhododendron had 18 total specimens and two additional duplicates, 13 specimens
from UCHT, and was represented by the species R. catawbiense and R. maximum. Catawba
rosebay (R. catawbiense) had nine total specimens, five from UCHT. Great laurel (R. maximum)
had nine total specimens, eight from UCHT. Other Rhododendron species did not have enough
specimens available from various pollution eras to be included in future metal analysis.

Table 3.5 Available specimens of species that have morphological characteristics to aid in
deposition atop the leaf surface from the pre-pollution era, heavily polluted era, and
post-pollution era
Genera
species

Pre-Pollution
Era
1919-1949

Heavily Polluted
Era
1950-1980

Post-Pollution
Era
1981-2021

Total

Carya
tomentosa

3

3

11

17

Erigeron
pulchellus

4

6

3

13

Magnolia
grandiflora

2

2

6

10

Rhododendron
catawbiense
maximum

2
2

3
3

4
4

9
9

Total

13

17

28

58

57

Species with Morphological Characteristics from each Pollution
Era
18
16
14
12
10

8
6
4
2
0
C. tomentosa

E. pulchellus

Pre-pollution era (1919-1949)

M. grandiflora
Heavily polluted era (1950-1980)

R. catawbiense

R. maximum

Post-pollution era (1981-2021)

Figure 3.3 Visual representation of the number of specimens available from each species with
morphological characteristics during the pre-pollution era, heavily polluted era, and
the post-pollution era
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CHAPTER IV
DISCUSSION

All specimens were further analyzed upon being available under the original search
parameters by implementing further parameters for discussion on which species, and which
specific specimens, would be the best possible candidates for future metal analysis through time
in the city of Chattanooga. These parameters included specimens collected from a significant
location within the vicinity of downtown Chattanooga (Figure 4.1, Appendix A), specimens
within an era that represent a wide range of years, recognizing duplicate specimens’ presence
and importance (lessen the amount of specimen material being destroyed) while discounting their
presence as an individual specimen, specimens or the same species that were collected from the
same location across two or more pollution eras, and any other results of significance.
There were 503 total specimens from 10 families, 12 genera, and 35 different species.
There were 107 total specimens from the pre-pollution era, 162 total specimens from the heavily
polluted era, and 233 total specimens from the post-pollution era. Between the years 1961-1965,
when Chattanooga was the most polluted city in the U.S., there were 16 total specimens collected
within the study area during that time, six of which were significantly collected close to the
center of Chattanooga. Out of the 503 total specimens available, almost half of them (232) were
significantly located to the center of Chattanooga. Specimens collected from significant location
are important as they will give a better representation of the pollution changes in Chattanooga
over time as they were more closely located to industry and centered within the valley. Twelve
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of the species analyzed had multiple specimens collected from the same location over various
pollution eras, allowing for direct comparison of the changes in metal concentrations through

Figure 4.1 Map of Chattanooga with 10-mile radius where collections made over time in the
area designated are considered significant
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time within the same species at the same location. There were 71 additional duplicate specimens
included in the list of specimens (Appendix B, C, D), but they were not included in the total
number of specimens available. Of the duplicates, 54 were held in other southeastern herbaria,
where the original version was typically held at UCHT but in some cases the original specimen
was also held in another repository. The remaining 17 held at UCHT were all duplicates of
original specimens held at UCHT only. 408 of the total specimens available for future metal
analysis were located at UCHT, including the duplicate specimens here.

Metal-accumulating taxa
Acer (maple)
Acer negundo had 15 total specimens, all from UCHT, with at least four specimens
available from each pollution era. The five specimens from the pre-pollution era were collected
between 1931-1945 and had four significant occurrences from Pine Street in downtown
Chattanooga, street side on the Tennessee Riverview in Northshore, the east slope of Lookout
Mountain Park, and off Bailey Avenue in Southside. The four specimens from the heavily
polluted era were collected between 1973-1976, which was not widely representative of this era.
Significant occurrences during this time were from the Chapin Sanctuary in East Ridge, Lookout
Creek in Lookout Mountain Park, and at the Chickamauga Battlefield. The six specimens from
the post-pollution era were collected between 1992-2012 and significant occurrences included
Spangler Farm in Hixson and Booker T. Washington State Park. Two specimens were collected
from Tucker Road in Collegedale during two separate pollution eras and are more significant for
direct comparisons in future metal analysis.
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Acer rubrum had 22 total specimens, 19 from UCHT, and three duplicates. There were at
least six specimens available from each pollution era. The six specimens from the pre-pollution
era were collected between 1929-1943 and were all significantly located at the base of Lookout
Mountain facing Chattanooga (with one duplicate), on Bailey Avenue and in Highland Park in
Southside, and at the foot of Signal Mountain. Two others did not include specific localities and
only read that they were collected in Chattanooga, which was a common occurrence with older
collections. Specimens collected in Chattanooga without further description were likely collected
from a significant location, or the collector would have written a different city. The eight
specimens from the heavily polluted era were collected between 1971-1977, which was not
widely representative of this era. Significant occurrences were from Amnicola Marsh and at
Volunteer Ordinance Works. The three specimens with significant occurrences were from
UCHT, while the duplicate was from UTK’s herbarium. The ten specimens from the postpollution era were collected between 1987-2012, though there was only one significant
occurrence from a specimen at UCHT at the Spangler farm in Hixson.
Acer saccharinum had 27 total specimens, 25 from UCHT, and one duplicate. There was
only one specimen available from the pre-pollution era, though it is from UCHT and was
significantly located in Brainerd from 1935 and contained four leaves ~6cm² in size. The five
specimens, and one duplicate, from the heavily polluted era were collected during 1965, 1971,
1974, and 1980. Significant occurrences were from West Chickamauga Creek just northwest of
Fort Oglethorpe, Volunteer Ordinance Works, the Chapin Sanctuary in East Ridge, and at the
Amnicola Marsh. During the post-pollution era there were 21 specimens all from UCHT and
collected between 1981-2013. There were 11 significant occurrences from Claremont Avenue in
East Ridge, Forest Avenue in Northshore, below Missionary Ridge, Hunt Drive near the
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Chattanooga Airport, Spangler farm in Hixson, Booker T. Washington State Park, Elbe Drive in
East Brainerd, Mountain Creek Road at the base of Signal Mountain, and beside Bluff Road
Trail on the west slope of Lookout Mountain.
Acer saccharum had 15 total specimens, six from UCHT, and one duplicate. The four
specimens from the pre-pollution era were collected during 1929 (duplicates), 1940, and 1942.
All four specimens were from other herbaria and only one significantly occurred on Hawkin’s
Ridge southwest of Rossville. The seven specimens from the heavily polluted era were collected
from 1951, 1966, 1974, and 1977. Only one specimen from UCHT had a significant occurrence
at Alexander Bridge just south of Fort Oglethorpe. The five specimens from the post-pollution
era were collected between 1994-2012 with one significant occurrence, from a specimen at
UCHT, from First Christian Church on McCallie Avenue in the downtown area.

Platanus (sycamore)
Platanus occidentalis had 18 total specimens, 16 from UCHT, and two duplicates. There
was only one specimen available from the pre-pollution era, though it was from UCHT and had
four leaves available at the approximate sizes of 3cm², 6cm², 7cm², and 8cm². It may have been
collected from a significant location, but the label information only reads that it was collected in
Hamilton County, TN so we cannot know for sure. The five specimens from the heavily polluted
era were collected during 1950, 1964, 1972, and 1975. Two specimens from UCHT had
significant occurrences in Brainerd and the Chickamauga Battlefield. The 14 specimens from the
post-pollution era were collected between 1981-2021, eight of which, all from UCHT, were
significantly located near Fifth Street, Palmetto Street, and Vine Street in downtown
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Chattanooga as well as off Holly Hills Drive in the Hamilton Place area, near the University of
Tennessee (UTC) campus, Spangler Farm in Hixson, and at Booker T. Washington State Park.

Quercus (oak)
Quercus alba had 26 total specimens, 24 from UCHT, and one duplicate. The five
specimens from the pre-pollution era were all from UCHT and collected during 1932, 1933,
1943, and 1945. Three of the specimens were significantly located at Camp Raccoon in
Chattanooga and within Chattanooga (location unspecified). The remaining two specimens were
located on Lookout Mountain, though not specified where, so they may be at the base and in the
study area or atop the mountain and not significant to the study area. The five specimens from
the heavily polluted era were all from UCHT and collected during 1971 and 1975-1977, which
was not widely representative of this era. There were two significant occurrences from Volunteer
Ordinance Works and Chickamauga Battlefield. The 17 specimens from the post-pollution era
were collected between 1982-2015 and had only one significant occurrence from the Spangler
Farm in Hixson.
Quercus nigra had 16 total specimens, 14 from UCHT, and four duplicates. The three
specimens from the pre-pollution era were collected during 1938 and 1941-1942 and were all
significantly located in Chattanooga (location unspecified), Glenwood, and Citizen’s Cemetery.
All five specimens, and two duplicates, from the heavily polluted era were also significantly
located at Lookout Creek at the base of Lookout Mountain, Sarasota Drive in Hixson, East
Ridge, UTC campus in downtown Chattanooga, and at James Drive just southwest of Booker T.
Washington State Park. The specimens were collected during 1951, 1968, 1974, 1976, and 1980
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and two were from UCHT. Ten specimens from the post-pollution era were collected between
1981-2018, which was widely representative of this era. Six specimens and two duplicates were
all significantly located from Vine Street in downtown Chattanooga, Spangler Farm and on
Adams Road in Hixson, and near the Chattanooga Riverwalk by the UTC boathouse. The
occurrences at Citizen’s Cemetery, UTC campus, and Vine street are all located within a couple
blocks of one another and could provide more significant results when compared against one
another from each era.
Quercus phellos had 19 total specimens, 14 from UCHT, and one duplicate. The three
specimens from the pre-pollution era were collected during 1932, 1942, and 1946 and were all
significantly collected from Lookout Lake in Lookout Valley, Chattanooga (location
unspecified), and East Chattanooga near U.S. Highway 41/64. The seven specimens from the
heavily polluted era were collected during 1962, 1968, 1971, 1976, and 1980. Five of the
specimens, including the duplicate, were significantly collected from the St. Paul’s Episcopal
Church in downtown, Volunteer Ordinance Works, and Amnicola Marsh. The 10 specimens
during the post-pollution era were collected during 1982, 1992, 2001, 2008, 2010, 2012, and
2018. Only two specimens, one from UCHT, were significantly collected from the Hamilton
County Airport and on Adams Road in Hixson.
Quercus rubra had 10 total specimens, 8 from UCHT, and two duplicates. The two
specimens from the pre-pollution era were both from UCHT and collected in 1942-1943. One
was significantly collected from Citizen’s Cemetery. One specimen contained five leaves all
~10cm² in size, while the other specimen contained three leaves, one ~10cm² and the other two
~15cm² in size. The three specimens from the heavily polluted era were collected during 1952,
1977, and 1980. One specimen lacked a specific locality stating only that it was collected in
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Hamilton County, Tennessee, but one other was significantly collected from Amnicola Marsh.
The seven specimens from the post-pollution era contained the two duplicates and were collected
during 1991, 1992, 2007, and 2012. Two specimens were significantly collected from Spangler
Farm in Hixson and were collected one month apart while one other specimen was collected at
The Chattanooga Nature Center near Lookout Mountain Park.

Salix (willow)
Salix babylonica had just seven specimens available, all from UCHT, and six of which
were collected from significant locations. In the pre-pollution era, one specimen was collected
from Highland Park during 1931 and the other near McCallie Lake in the downtown area during
1932. One specimen contained 11 leaves each ~8cm in length and the other contained 13 leaves
each ~10cm in length. In the heavily polluted era, one specimen was collected from Premium
Drive in Red Bank during 1976 and the other adjacent to the Chattanooga Golf & Country Club
in Northshore during 1979. Each specimen contained two branches from the same tree with
plenty of leaf material for analysis. The three specimens from the post-pollution era represented
the years 1981 and 1998. Two specimens were significantly collected from Stephenson Drive in
Fort Oglethorpe and Ooltewah-Ringgold Road in East Brainerd.
Salix nigra had 20 total specimens, 14 from UCHT, and three duplicates. All six
specimens, including one duplicate, from the pre-pollution era were significantly collected in
Glenwood, along the Tennessee River at the base of Signal Mountain, on the eastern slope of
Lookout Mountain in Lookout Mountain Park, and at Lookout Lake in Lookout Valley. They
were collected from the years 1925, 1926, 1931, 1932, and 1935. The 1925-1926 specimens
were some of the older specimens found during the full scope of this project. There were four
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specimens available from UCHT during the heavily polluted era, one of which is a duplicate,
collected during 1965, 1974, and 1979. Three of these specimens (including the duplicate) were
significantly located at the Chickamauga Battlefield and Amnicola Marsh. The 10 specimens
from the post-pollution era were collected during 1982, 1992, 2010-2012, and 2014. Only one
specimen was collected from an area of significance at the Spangler Farm in Hixson, and it was
from UCHT.
In the analysis of Salix, I came across three Salix sp. that were unidentified. I included
them here because they were all significantly located and from UCHT. They could add to the
number of specimens available if they were identified to species at S. babylonica or S. nigra.
These three specimens were all from the pre-pollution era and were collected in Brainerd, on the
Fire trail on the west side of Lookout Mountain, or on the east slope of Lookout Mountain from
1932, 1941 and 1941, respectively.

Viola (violet)
Viola canadensis had 13 total specimens available, nine from UCHT, and five duplicates.
The five specimens from the pre-pollution era were collected during 1933, 1934, and 1938. Two
of the specimens, both from UCHT, were significantly collected from Harrison. The heavily
polluted era contained 10 specimens, though six of those were duplicate specimens of the same
individual. The specimens cover the years 1951, 1960, 1962, 1968, and 1978; All four specimens
that were collected from significant locations were from UCHT and were collected from the
Chapin Sanctuary in East Ridge, on the Tennessee Riverbank, Spangler Farm in Hixson, and on
Wonder Drive in East Ridge. There were three specimens from the post-pollution era collected
during 1989 and 2007-2008; the specimens were collected from a significant location. The six
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duplicate specimens collected during 1951 and one specimen from 1938 were collected from the
same general location northwest of Lafayette.
Viola pedata had 13 total specimens, 10 from UCHT, and three duplicates. The two
specimens from the pre-pollution era were both collected during 1931, one having been
significantly collected at Lookout Mountain Park. This specimen contained one individual with
eight leaves ~1-2cm² in size; the insignificant specimen is held at UCHT and there were two
individual plants on the herbarium paper with ~15 leaves from ~1-2cm² in size. There were 12
specimens from the heavily polluted era, two of which are duplicates, collected during 1951,
1959, 1971, 1976-1977, and 1980. Seven specimens were significantly collected, including the
two duplicates, north of Fort Oglethorpe, at Volunteer Ordinance Works, and on Standifer-Gap
Road north of East Brainerd. There were only two specimens from the post-pollution era, and
they are duplicates of one another, insignificantly located to downtown Chattanooga and
collected in 2012. One of the specimens from UCHT contained three individuals on the
herbarium sheet, one with ~3-4 leaves ~1-2cm², the other two with 10 or more leaves each ~23cm² in size. The other contained two individuals each 5-10 leaves ~2-3cm² in size.
Viola primulifolia had nine total specimens, five from UCHT, and two duplicates. All
specimens were insignificantly located to the center of Chattanooga. Still, there were two
specimens from the pre-pollution era, and one duplicate, collected during 1926 and 1934. There
were also three specimens, and one duplicate, available from the heavily polluted era that were
collected during 1951 and 1953. There were five specimens from the post-pollution collected
during 1996, 2006-2007, and 2016 all from the same general area of the North Chickamauga
Creek Gorge State Natural Area. The duplicates from the pre-pollution and heavily polluted eras
ensure that there is enough leaf material available for study but the other specimen from 1934
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contained two plant individuals on the herbarium sheet each with three leaves ~5cm in length
and ~2cm wide. The specimen from 1953 contained one individual with four leaves ~2cm², three
leaves ~4cm long and 2-3cm wide, and one leaf ~5cm² in size.
Viola striata had 14 total specimens and three additional duplicate specimens, with 14
total from UCHT. There were eight specimens available from the pre-pollution era, three of
which are the duplicates, that were collected during 1934, 1945-1946, and 1949. Seven
specimens were significantly located, including the duplicates, at the Chapin Sanctuary in East
Ridge and near Davidson’s in East Brainerd. All six specimens from the heavily polluted era
were significantly collected during 1954, 1960, 1968, and 1974 and are held in UCHT.
Significant occurrences were from the Chapin Sanctuary in East Ridge, UTC’s campus, in the
woods in East Chattanooga, and along a creek bank in East Brainerd. There were only three
specimens from the post-pollution era covering the years 2012-2013 and 2017, with one being
significantly located on St. Elmo Avenue. Comparable specimens from the pre-pollution era and
heavily polluted era included the specimens located at the Chapin Sanctuary in East Ridge and
the specimens located in East Brainerd.
Viola tripartita had 13 total specimens, eight from UCHT, and one duplicate. The five
specimens from the pre-pollution era were collected during 1929, 1931, 1933, and 1943. One
specimen from UCHT was significantly collected on the north slope of Lookout Mountain. There
was only one specimen from the heavily polluted era collected in 1978 and it was insignificantly
collected; it is held in another repository. The specimen contains four three-part leaves all ~10cm
long and 2-3cm wide. The nine specimens from the post-pollution era were collected during
1993, 1995, 2003, 2005, 2007, and 2015-2016. Six specimens were significantly collected from
Chickamauga and Chattanooga National Military Park and on Kiddie Trail on the west side of
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Lookout Mountain Park. One specimen from each era were all collected at Falling Water Falls
State Natural Area on Signal Mountain, making for a direct comparison across each era.

Metal-accumulating taxa with morphological characteristics
Acer (maple)
Acer leucoderme had 17 total specimens, three from UCHT, and seven duplicates. Two
specimens from the pre-pollution era are both from other herbaria and were collected during
1942 and 1948. One of the specimens was significantly collected at Hawkin’s Ridge just
southwest of Rossville within the Chattanooga valley and contained ~12-13 leaves each ~5-7cm²
in size. The other specimen similarly contained 13-14 leaves a bit smaller in size at 2-5cm².
There were five specimens and four duplicates from the heavily polluted era, collected during
1951, 1952, and 1953 and are all from other herbaria. The lack of range in these dates would not
allow for a decent representation of this time. Significant occurrences included multiple
specimens at the Chapin Sanctuary in East Ridge and three others to the west of Ringgold in the
Chattanooga valley. The six specimens and three duplicates from the post-pollution era were
collected during 2000 and 2012, which also lacked variable representation of that time. The
specimen from 2000 was significantly collected along Mountain Creek Road at the base of
Signal Mountain. The six others consisted of three duplicate specimens. Each of the duplicate
specimens are located at other herbaria, with the original individual residing within UCHT. Each
set of duplicates were collected from the same location but at different sites, all just east of
Ringgold. This only gave two total locations for this era, but multiple duplicates and one location
of significance.
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Helianthus (sunflower)
Helianthus divaricatus had 7 total specimens, two from UCHT. Three specimens from
the pre-pollution were collected during 1934 and 1941, with one specimen from UCHT
significantly collected from the west side of Lookout Mountain. In the heavily polluted era, the
two specimens were collected during 1972 and 1976, one significantly collected north of Fort
Oglethorpe. One specimen contained 11 leaves, seven of which were larger in size at 6-7cm in
length and ~1cm wide; the other four leaves were ~3-4cm long and 0.5-1cm wide. The second
specimen had a similar amount of leaves the same general size. The two specimens in the postpollution era were both collected on the same day in 2012 in a similar, non-significant location,
though they were not duplicate specimens. One specimen contained eight pairs of opposite
leaves, the ones lower on the stem up to 9-10cm long and 2-3cm wide, decreasing in size as they
went up the stem. The other specimen contained a very similar amount of biological material.
Helianthus divaricatus has few specimens available and therefore does not cover a wide range of
dates or locations.
Helianthus hirsutus had 15 total specimens, 13 from UCHT, and seven duplicates. There
were three specimens collected during the pre-pollution era all from UCHT, two of which were
duplicates of one another. The two duplicates were collected from Lookout Mountain during
1931, though the location was unspecified. The other was significantly collected during 1941 on
Hixson Road. Both duplicate specimens contained 3-4 sets of opposite leaves, ~3-5cm long and
1-3cm wide. The specimen from 1941 contained two individuals, each with 4-5 sets of opposite
leaves up to 6-7cm long. Of the seven specimens from the heavily polluted era, three were
significantly collected northeast of Fort Oglethorpe all within a month of one another in 1951.
The others were not collected from any significant locations, but covered the years 1968, 1970,
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1978, and 1979. There were 12 specimens collected during the post-pollution era, half of which
were duplicate specimens. They were collected during 1984, 1997, 2007, and 2012. Only the
specimen from 1984 was significantly collected from Chickamauga Battlefield.
Helianthus microcephalus had 14 total specimens, 13 from UCHT, and three duplicates.
The one specimen from the pre-pollution era is held in UCHT and was significantly collected in
1939 on the eastern slope of Lookout Mountain. The plant material fills the herbarium sheet with
more than 20 leaves available. There were eight specimens from the heavily polluted era, three
of which were duplicates. They were collected during 1957, 1971, and 1974. Seven specimens,
including the duplicates, were collected in significant areas: along U.S. 11 in Lookout Valley,
Volunteer Ordinance Works, and at Lookout Mountain Park. There were nine specimens
collected during the post-pollution era that covered the date range of 1981-2015, though none of
them were significantly located close to downtown Chattanooga.
Helianthus mollis had six total specimens, two from UCHT, and four duplicates. All five
specimens from the pre-pollution era were from other herbaria, four of which were duplicates of
one another, leaving two viable for original comparison. The one specimen, along with its three
duplicates, was significantly collected during 1948 at the Chickamauga and Chattanooga
National Park. It contained ~12 sets of opposite leaves starting at ~8-9cm in length and ~4cm
wide. There were three specimens from the heavily polluted era, with one duplicate, all collected
in significant locations. The first and its duplicate were collected in 1951 northeast of Fort
Oglethorpe and the other in 1973 at the Chickamauga and Chattanooga National Military Park.
The third specimen from 1973 contained 11 viable leaves starting at ~10cm in length on the
herbarium sheet, getting smaller as they were positioned higher on the stem. There were only
two specimens from the post-pollution era, collected during 1990 and 2012, with the first
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significantly collected at the Chickamauga and Chattanooga National Military Park. Both
specimens contained plenty of leaf material up to 20 leaves each. Helianthus mollis lacked
specimen numbers, a wide date range, and UCHT representation, but this specimen had what
many others did not: at least one specimen from each pollution era that was collected from the
same location.

Juglans (walnut)
Juglans nigra had 11 total specimens, 10 from UCHT, and one duplicate. The three from
the pre-pollution era were all from UCHT and significantly collected during 1931, 1932, and
1942 from Lookout Mountain Park, Brainerd, and in Chattanooga (location unspecified). The
heavily polluted era was represented by five specimens from UCHT collected during 1965, 1972,
and 1974-1976. Three of the specimens were all significantly located at the Chickamauga
Battlefield, each from different years and different locations within the park. All three
specimens, including the duplicate from another herbaria, from the post-pollution era were
collected in 2012 at insignificant locations. The specimen without a duplicate contained plenty of
leaf material with six separate branches with 3-6 sets of opposite leaves.

Pinus (pine)
Pinus virginiana had 15 total specimens. Only one specimen was collected during the
pre-pollution era during 1933 from an insignificant location. The specimen contained three
separate branches each with a significant number of needles available. There were six specimens
from the heavily polluted era collected during 1966, 1972, 1975, 1976, 1977, and 1980. Five of
these specimens significantly collected: on the face of Lookout Mountain, the west side of
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Lookout Mountain Park, Chickamauga Battlefield, Premium Drive in Red Bank, and near the
Tennessee River just south of Booker T. Washington State Park. There were nine specimens
from the post-pollution era collected during 1982, 1985, 2007, 2010, 2012, and 2018. Only one
specimen was significantly collected near Adams Road in Hixson.

Populus (poplar)
Populus alba had 10 total specimens, all from UCHT except the one specimen from the
post-pollution era. All six specimens from the pre-pollution era were significantly collected:
Lookout Mountain Park, East Chattanooga, the Tennessee National Cemetery in Highland Park,
and Chattanooga (location unspecified). The specimens were collected between 1931-1943.
There were three specimens from the heavily polluted era collected during 1950, 1975, and 1980.
Two were significantly collected from Bagwell Avenue in Hixson and at the Chattanooga
Battlefield. There was only one specimen collected from the post-pollution era, collected in 2016
and significantly located in Brainerd. The specimen contained ~30 leaves each 2-4cm² in size.

Quercus (oak)
Quercus falcata had 20 total specimens. There were four specimens from the prepollution era collected during 1932, 1934, and 1938. One was significantly located near Spring
Creek in East Ridge, another in Chattanooga (location unspecified). The remaining two were
unclear: one was from Lookout Mountain, but could either be located atop the mountain or
below, and the other simply reads Hamilton County, TN. The four specimens from the heavily
polluted era were collected during 1965, 1971, and 1975. Three of the specimens were
significantly located at Volunteer Ordinance Works and Chickamauga Battlefield. There were 12
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specimens from the post-pollution era collected between 1982-2016, three of which were
significantly collected at the Spangler Farm in Hixson, at Booker T. Washington State Park, and
at an I-75 rest stop in East Ridge. Two collections, one from 1932 and the other from 2016, were
collected within one mile of each other depending on which portion of Spring Creek the 1932
specimen was collected at. These two specimens can significantly be compared to one another.
Quercus marilandica had six total specimens. The two from the pre-pollution era were
both significantly collected during 1942 and 1943 from Citizen’s Cemetery and in Highland
Park, respectively. Each specimen contained 5-6 leaves that were ~10-15cm² in size. The two
specimens from the heavily polluted era were from 1962 and 1977, one of which was
significantly located in North Chattanooga near Dallas Road. Each specimen contained 5-6
leaves each ~12-15cm² in size. There were two specimens from the post-pollution era with an
additional two duplicates, each of a specimen collected in 2012. The remaining specimen was
collected in 1982 at an insignificant location and contained 8-9 leaves, each ~8-10cm² in size.
Quercus michauxii had 22 total specimens. There were at least three specimens from each
era that were significantly located to downtown Chattanooga. Five specimens from the prepollution era were collected during 1927, 1931-1933, and 1938. Three were significantly located
near Suck Creek at the base of Signal Mountain, East Chattanooga, and Chattanooga (location
unspecified). The two others read their localities as Signal and Lookout Mountains, but we
cannot know if they were atop the mountain or at the base. There were seven specimens from the
heavily polluted era with one duplicate, collected during 1962, 1965, 1971, and 1972. Four of
these were significantly located near the Girl’s Preparatory School in North Chattanooga,
Volunteer Ordinance Works, and the Chickamauga Battlefield. The 13 specimens from the postpollution era covered a wide date range of 1991-2012, though only four specimens were
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significantly located at Greenway Park and Spangler Farm in Hixson, as well as near Skyuka
Spring in Lookout Mountain Park and along Cash Canyon Road at the base of Signal Mountain.
One specimen reads it was collected at Cooper Creek on Signal Mountain, but I was not able to
find any such locality. Two specimens can be compared through time; one was collected in 1932
and the other in 2009 both at the base of Signal Mountain. Two other specimens can also be
compared between 1933 and 1972, where both were collected atop Signal Mountain.
Quercus velutina had 11 total specimens. There was only one specimen collected during
the pre-pollution era that read it was collected at Lookout Mountain, so it may or may not have
been significant. There were three leaves on the herbarium sheet, one ~10cm² in size and the
other two were ~15-20cm². Four specimens from the heavily polluted era were collected during
1953, 1956, 1971, and 1976. Three, all from other herbaria, were significantly collected from the
west side of Lookout Mountain, along U.S. 27 north of Chattanooga, and at Volunteer Ordinance
Works. Six specimens and one duplicate from the post-pollution era were collected during 2000,
2006, 2008, 2012, and 2014. Only one from another herbaria was significantly collected near
Mountain Creek Road at the base of Signal Mountain.

Viola (violet)
Viola pubescens had 15 total specimens. There were five specimens from the prepollution era that were all significantly collected on the bank of the Tennessee River, East
Brainerd, and by the creek at the Chapin Sanctuary in East Ridge. One set may have been a
duplicate, but the specific time of collection other than the year was unspecified. So, the
specimens could have been collected at separate times during the same year. The years
represented were 1932, 1934-1935, and 1949. There were four specimens from the heavily
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polluted era collected during 1955, 1968, and 1973. Three specimens were significantly collected
in Hixson and Lookout Mountain Park, both on the western side of the mountain. The other
specimen read it was collected near a rock quarry in Hamilton County, though it did not specify
where this rock quarry was. There were six specimens from the post-pollution era collected
during 2003, 2005, and 2012-2015. Two specimens were significantly located on Moccasin Bend
Road just to the west of downtown Chattanooga and on a trail off Suck Creek Road at the base of
Signal Mountain.
Viola sororia had 29 total specimens. Two specimens from the pre-pollution era were
collected during 1931 and 1938, one significantly located in Woodland Park. Respectively, the
first specimen contained four leaves, one ~2cm², two ~4cm², and the last ~6cm² in size. The
second specimen contained eight different plant individuals, each with 4-6 leaves ~1-3cm² in
size. There were 15 specimens and two duplicates collected from the heavily polluted era. They
covered the years 1951, 1961, and 1976-1980. Three were significantly located at Carrol Lane
and Highland Drive in Northshore, as well as south of St. Elmo down Chattanooga Valley Road.
There were 12 specimens and one duplicate collected from the post-pollution era during 1981,
1983-1986, 1992, and 2007-2009. Four specimens were significantly located at the Fifth Street
Graveyard in downtown Chattanooga, on Hunt Drive in Brainerd, and at Spangler Farm in
Hixson. Two specimens were collected at the same location south of Chickamauga from 1938
and 1951; they could be compared against one another in future metal analysis.
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Taxa with morphological characteristics
Carya (hickory)
Carya tomentosa had 17 total specimens. There were three from the pre-pollution era
representing the years 1934, 1941, and 1948. One specimen could be significantly located, but
the label only read that the specimen was from Chattanooga. There were three specimens and
one duplicate from the heavily polluted era collected during 1971, 1973, and 1977. One
specimen and its duplicate were significantly located at Volunteer Ordinance Works in
Chattanooga. The 11 specimens from the post-pollution era covered a wide range of years from
1981-2012, with an additional duplicate specimen. There were four specimens collected from the
same location on the same day, but each specimen was collected by a separate person. So, it is
unclear if they were collected from the same tree and are duplicates. Three of the specimens
were significantly located in Red Bank, East Ridge, and at Spangler Farm in Hixson. Three
specimens were collected atop Signal Mountain over time from 1934, 1973, and 1996; they
could be highly significant to compare in future metal analysis.

Erigeron (daisy fleabane)
Erigeron pulchellus had 13 total specimens. There were four specimens from the prepollution era that covered the years 1930, 1932, and 1934. Two were significantly located near
Suck Creek at the base of Signal Mountain and in Chattanooga (location unspecified). There
were six specimens from the heavily polluted era, and they were all significantly located to
downtown Chattanooga: in the Moccasin Bend area, at the Chapin Sanctuary in East Ridge, on
the south side of the Chickamauga Dam in Hixson, on a roadside in Hixson, and at the
Chickamauga Battlefield. They were collected during 1968, 1977, and 1978. There were three
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specimens from the post-pollution era, including an additional duplicate, collected during 2002,
2006, and 2013. The set of duplicates was significantly located at the corner of Pinewood Drive
and Gunbarrel Road in the Hamilton Place area. Three specimens were collected within Citizen’s
Cemetery in downtown Chattanooga during the years 1926, 1983, and 1994; they could be
significantly compared in future metal analysis.

Magnolia (magnolia)
Magnolia grandiflora had 10 total specimens. Both specimens from the pre-pollution era
were significantly located at Citizen’s Cemetery and the National Cemetery in Highland Park
from the years 1926 and 1943, respectively. Each specimen contained four leaves ~10-12cm
long and ~3-4cm wide. The two specimens from the heavily polluted era were from 1971 and
1972, one being significantly located at the Chickamauga Battlefield. The second specimen read
it was from Henderson Drive, though I found no such location (avenue, street, or other) in the
study area. Both specimens contained six leaves, the same approximate size as the specimens
from the pre-pollution era. There were six specimens from the post-pollution era that covered the
years 1983, 1985, 1993, 1994, 2011, and 2016. Four were significantly located at Citizen’s
Cemetery, East Brainerd, and Greenway Farms in Hixson.

Rhododendron (azalea)
Rhododendron catawbiense had nine total specimens, five from UCHT. There were two
specimens from the pre-pollution era collected during 1934 and 1942, one being significantly
located about eight miles northwest of Chickamauga at Eagle Cliff. Both specimens contained
10-15 leaves all ~10cm in length. The three specimens from the heavily polluted era were
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collected during 1956, 1968, and 1980; none were significantly located to downtown
Chattanooga. All four specimens from the post-pollution era were collected insignificantly from
the North Chickamauga Creek Gorge State Natural Area, though they were from various years
(1987, 2006, 2007, 2015).
Rhododendron maximum had nine total specimens, eight from UCHT. Two specimens
from the pre-pollution era were insignificantly collected from Signal Mountain in 1934 and
1943. The specimen from 1934 contained four leaves, three ~10-12cm in length and one ~8-9cm
in length. The other specimen contained 10 leaves all ~10-12cm in length and 2-4cm wide. The
three specimens from the heavily polluted were collected during 1956, 1965, and 1980. One
specimen was significantly located on Sutton Drive in Hixson. The four specimens from the
post-pollution era were collected 1996, 2010, 2014, and 2015 and all insignificantly located on
Signal Mountain.

80

CHAPTER V
CONCLUSION

Chattanooga was one of the many cities that were quickly plagued with polluted air after
the quick increase of industry, with its topography only worsening the ability for the pollution to
disperse. Through time, various taxa have been used to study the metal accumulating abilities of
plants or their ability to track metal concentrations. This study will not only further research on
these taxa present in Southeastern Tennessee and Northwestern Georgia but increase the
availability of specimen label information in online repositories, increase awareness about the
importance of small herbaria, and give insight to the history of Chattanooga’s polluted
atmosphere through a new field of study. Herbarium specimens are important to all fields of
research and yet are little considered by researchers other than taxonomists, conservation
biologists, and curators. Using herbarium specimens to track metal concentrations over time will
give us data on what type of metals were present during which time periods, what the sources of
pollution were, and when air pollution concentrations increased and decreased over time.
UCHT has a significant number of herbarium specimens present throughout the different
pollution eras that would be suitable for future studies of metal concentrations in Chattanooga
through time, with numerous other specimens available in other southeastern herbaria.
Approximately 80% of all the specimens available are held in UCHT and almost half of the total
amount of specimens available were collected from significant locations. The goal of this study
was to set up these future studies to have all the information necessary to begin a retrospective
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study of metal concentrations with a data bank of all the most viable and available herbarium
specimens readily accessible.
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APPENDIX A

EXPLANATION OF LOCALITIES WITH MULTIPLE
OR SIGNIFICANT OCCURRENCES
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An explanation of specimen localities with either multiple occurrences or significant locations in
relation to their vicinity to the center of the valley of Chattanooga and the downtown region.
Locations are considered significant if they are within 10 miles of the downtown region.
Significant locations
………………………………………………………………………………………………………
Amnicola: area just north of Chattanooga along the eastern side of the Tennessee River. Location
for large amounts of industry. Amnicola Marsh and Amnicola Highway are located here.
Brainerd/East Brainerd: neighborhood of Chattanooga located just east of downtown, slightly
east to northeast of East Ridge and south of the Hamilton Place area.
Booker T. Washington State Park: located in Hamilton County northeast of Chattanooga directly
on the Tennessee River on the side where large amounts of industry were located. Just west of
Harrison.
Chickamauga Battlefield/Chickamauga & Chattanooga National Military Park: located in
Catoosa County, GA just southeast of Chattanooga (south of Rossville and Fort Oglethorpe).
Citizen’s Cemetery: in downtown Chattanooga directly across from the UTC campus, stretching
between East Fifth Street and East Third Street.
East Ridge: neighborhood of Chattanooga just east of downtown. Slightly more south than
highland park and to the west of Brainerd.
Elise Chapin’s Wildlife Sanctuary: located within Audubon Acres Natural Area in East Ridge.
South Chickamauga Creek flows through the sanctuary grounds.
Glenwood: neighborhood of Chattanooga located just north of Highland Park and east of
downtown.
Hamilton Place: neighborhood of Chattanooga located northeast of downtown, just north of East
Brainerd and across the highway from the Chattanooga Airport.
Harrison: city suburb located northeast of Chattanooga and just northeast of Booker T.
Washington State Park.
Highland Park: neighborhood of Chattanooga located just southeast of downtown. Bailey
Avenue is located here. Proximal to Orchard Knob and Glenwood neighborhoods, and is directly
next to the Chattanooga National Cemetery.
Hixson: city suburb of Chattanooga located north past Northshore and to the east of Red Bank.
Lookout Creek/Lookout Mountain Park: park located at the northern base of Lookout Mountain,
wrapping around the tip on the east and west sides. Lookout Creek runs at the western edge of
the park from the Tennessee River (to the north) and flows south through Dade County, GA.
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Reflection Riding Arboretum and Nature Center is located just between the creek and park
toward the northern tip of the mountain.
Lookout Valley: neighborhood of Chattanooga located southwest of the city past Moccasin Bend
and just west of Lookout Mountain. In the Valley between Raccoon Mountain and Lookout
Mountain. Lookout Lake is located here.
Moccasin Bend: bend in the Tennessee River that is directly west of downtown Chattanooga.
This location contains the Moccasin Bend National Archeological Districts and parks along with
the Moccasin Bend Mental Health Institute.
Northshore/North Chattanooga: neighborhood of Chattanooga directly north of downtown,
across the Tennessee River. Just south of Red Bank.
Red Bank: neighborhood of Chattanooga located just north of Northshore and west of Hixson.
Spangler Farm: now Greenway Farms Park, located along Chickamauga Creek in Hixson just
north of Chattanooga.
University of Tennessee at Chattanooga: the university campus is in downtown Chattanooga
between McCallie Street and Fifth Street, directly north of Southside.
Volunteer Ordinance Works: historically was the Volunteer Army Ammunitions Plant and is
now Enterprise South Park and the Volkswagen Plant. Located northeast of Chattanooga and just
southeast of Harrison.
Non-significant locations
………………………………………………………………………………………………………
Apison: city suburb of Chattanooga located at the southeastern portion of Hamilton County,
further east than East Brainerd and southeast of Ooltewah and Collegedale.
Collegedale: city suburb of Chattanooga in the eastern corner of Hamilton County, southeast of
Ooltewah and northwest of Apison. Northeast of Brainerd and the Hamilton Place area. The
Southern Adventist University (SAU, formerly SMC) is located here.
Grindstone Mountain: located northeast of Ooltewah and Collegedale.
Lafayette: city located in Walker County, GA that is much further south that Forth Oglethorpe
and Chickamauga. Most specimens located here were excluded unless they were north of the city
in the valley.
Lookout Mountain: located directly southwest of Chattanooga at an elevation above the valley.
The northern Point of Lookout Mountain is located within Hamilton County, TN while most of
the plateau and eastern slopes are located within Walker County, GA, and the western slopes are
located within Dade County, GA. Specimens on the slopes within the valley were considered, or
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specimens that were on the tip in Hamilton County; all others were excluded and considered
outside of the study area.
North Chickamauga Creek Gorge State Natural Area: north of Signal Mountain and west of
Soddy Daisy. Common locality points here are Big Bend, Boston Branch, Rogers Creek, and
Stevenson Branch.
Raccoon Mountain: just west of Moccasin Bend on the other side of the Tennessee River and
south of Signal Mountain. Just north of Lookout Valley. Location can be significant if a
specimen was collected near the base of the mountain and not at high elevation.
Ringgold: city located in Catoosa County, GA to the southeast of Chattanooga. Further east than
Fort Oglethorpe.
Signal Mountain: this portion of the Cumberland Plateau is a linear plateau that lines the entire
west side of Hamilton County and Chattanooga. Location can be significant if a specimen was
collected near the base of the mountain and not at high elevation.
Soddy Daisy: city suburb of Chattanooga in the northern portion of Hamilton County. Located
within the valley at the northern tip of Signal Mountain and to the east of NCCSNA.
TN Army National Guard VTS: located to the east of Ringgold in Catoosa County, GA. Further
east than Fort Oglethorpe and Chickamauga.
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APPENDIX B

SPECIMEN RESULTS FOR METAL-ACCUMULATING SPECIES
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*significant specimens
**, **¨specimens collected from the same location over two or more pollution eras

Acer (Maple), Sapindaceae
A. negundo L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT018949: 1931-05-16, Hamilton County, TN at Lookout Mountain Park, east slope
UCHT018937: 1933-00-00, Hamilton County, TN at Signal Mountain
*UCHT018938: 1937-00-00, Hamilton County, TN at Bailey Avenue in Southside Chattanooga
*UCHT018925: 1942-00-00, Hamilton County, TN along Pine Street in downtown Chattanooga
*UCHT018936: 1945-08-00, Hamilton County, TN street side at Tennessee Riverview,
Northshore
Heavily polluted era: 1950-1980
*UCHT018951: 1973-05-05, Hamilton County, TN at Lookout Mountain Park, growing at east
edge of Lookout Creek
*UCHT018950: 1973-05-07, Catoosa, GA at the Chickamauga Battlefield. In woods, south at
the edge of trail, ca. 400 yards west of visitor center
*UCHT018916: 1974-08-24, Hamilton County, TN located at Elise Chapin's Wildlife Sanctuary
at edge of wood line ca. 20 yds north of creek, 35 yards of picnic tables. Located in East
Ridge
**UCHT032950: 1976-08-17, Hamilton County, TN adjacent Tucker Road, Collegedale
Post-pollution era: 1981-2021
*UCHT018924: 1992-10-02, Hamilton County, TN at Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected in front of the conference center. Site is on the
eastern edge of the pond. elev. ca. 650 ft.
*UCHT018944: 1994-05-26, Hamilton County, TN at Booker T. Washington State Park, area
adjacent to the boat ramp, Elev. 700ft.
**UCHT032951: 1994-09-30, Hamilton County, TN at Tucker Road, Collegedale
UCHT018941: 2008-04-20, Hamilton County, TN in the vicinity of intersection of Hogskin
Branch Trail upper loop and logging road section of Stevenson Branch Trail. 35.242570 85.23488. Located within NCCGSNA
UCHT018934: 2010-05-22, Hamilton County, TN found at 4312 Bill Jones Road, Apison
UCHT018919: 2012-04-23, Catoosa County, GA at TN Army Nat'l Guard VTS. Coordinates:
N34 54' 34" W85 3' 43.5"
A. rubrum L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*(NYBG)2488180: 1929-04-21, Hamilton County, TN in rocky woods along base of Lookout
Mountain, near Chattanooga
*(HARVARD)01793330: 1929-04-21, Hamilton County, TN in rocky woods along base of
Lookout Mountain, near Chattanooga (DUPLICATE)
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*UCHT019032: 1932-00-00, Hamilton County, TN at Bailey Avenue, Chattanooga
*UCHT019003: 1933-05-00, Hamilton County, TN in Chattanooga
*UCHT019015: 1934-10-00, Hamilton County, TN at the foot of Signal Mountain
*UCHT018990: 1942-00-00, Hamilton County, TN in Chattanooga
*UCHT019031: 1943-05-10, Hamilton County, TN in Highland Park
Heavily polluted era: 1950-1980
*UCHT018982: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
*TENN-V-0143422: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
(DUPLICATE)
*UCHT018992: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
UCHT019020: 1972-07-15, Hamilton County, TN growing at northwest edge of lawn, 100ft. N
of observation area. Signal Point Park, Signal Mountain
UCHT019051: 1973-05-20, Hamilton County, TN, growing in south facing slope 100 yds south
of the toilet building, Signal Point Park, Signal Mountain
UCHT019061: 1975-05-10, Hamilton County, TN growing near entrance to Point park 30 ft.
north of the gate on a mowed lawn, Lookout Mountain Park, Elev. 2100 ft.
UCHT032967: 1977-06-19, Hamilton County, TN at Grindstone Mountain
*UCHT019053: 1980-08-21, Hamilton County, TN growing adjacent to fence in southeast
portion of Amnicola Marsh, which is located across hwy from 2710 Amnicola Highway.
Elev. 660 ft.
Post-pollution era: 1981-2021
TENN-V-0143421: 1987-08-11, Hamilton County, TN in two upland ponds near Culmer
residence. Fairmont Q. on Signal Mountain N35-10-53, W85-18-10; N35-11-00, W85-1802
*UCHT019017: 1992-10-20, Hamilton County, TN at Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected on an over-grown grassy path leading to the
quarry about 20 yds. from the gravel path that leads up the mountain
UCHT032968: 1995-09-10, Hamilton County, TN on Bennie Ln, One mile off OoltewahRinggold Road, Collegedale
UCHT019025: 1996-05-23, Hamilton County, TN at North Chickamauga Creek 3. Tree. 12.0m.
Signal Mountain
UCHT019023: 2007-05-03, Hamilton County, TN in the vicinity of Rattlesnake Rock;
Sandstone rock outcrop in powerline right-of-way; NCCGSNA, 35.236111 -85.253056
UCHT019038: 2010-04-15, Hamilton County, TN found at 4312 Bill Jones Road, Apison
APSC0042566: 2010-09-09, Hamilton County, TN growing along driveway at 4312 Bill Jones
Road, Apison
UCHT019021: 2012-04-09, Catoosa County, GA at TN Army Nat'l Guard VTS. East side of
property on Troop Road, east onto Hickory Road, east onto Ammo Road near fenced in
parking area on north side of road near trail entrance that leads into woods. Coordinates:
N34° 55.393' W085 ° 03.322'
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UCHT019022: 2012-05-31, Catoosa County, GA to the west of logging road that splits off Fox
Spring Road to the northwest. Directly east of permanent Scutellaria plot 3-3. Site name:
238. Waypoint #:238 at: N34.921795 W85.064861 Elevation: 829 ft
APSC0040301: 2012-05-31, Catoosa County, GA to the west of logging road that splits off Fox
Spring Road to the northwest. Directly east of permanent Scutellaria plot 3-3. Site name:
238. Waypoint #:238 at: N34.921795 W85.064861 Elevation: 829 ft (DUPLICATE)
A. saccharinum L.
……………………………………………………………………………………………………...
Pre-pollution era: 1919-1949
*UCHT019068: 1935-03-10, Hamilton County, TN in Brainerd
Heavily polluted era: 1950-1980
*GA047871: 1965-08-18, Catoosa County, GA a cluster of 6 stems about 6 in. in diameter on
the bank of small stream on the east side of West Chickamauga Creek. 3.1 mi. W11° N of
Fort Oglethorpe. Elevation 670 feet
GA047880: 1965-08-21, Dade County, GA growing 25 feet tall, 5 inches DBH. On bank of
Lookout Creek, open mixed woods. 1.5 miles E 43°N of Trenton, GA. 700 feet elevation
GA047864: 1965-08-21, Dade County, GA growing 25 feet tall, 5 inches DBH. On bank of
Lookout Creek, open mixed woods. 1.5 miles E 43°N of Trenton, GA. 700 feet elevation
(DUPLICATE)
*UCHT019127: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works in
Chattanooga
*UCHT019102: 1974-07-14, Hamilton County, TN located at Elise Chapin's Wildlife Sanctuary
in East Ridge, 1 ft. west of creek on the bank, ca. 5 yards into trail going south. Elevation ca.
650 ft.
*UCHT019095: 1980-05-20, Hamilton County, TN growing in shallow water, 150 ft. west of
highway and northeast of open water of marsh. Site is across Amnicola Highway from the
2710 address. Elev. 660 ft.
Post-pollution era: 1981-2021
*UCHT019112: 1981-04-10, Hamilton County, TN at 3514 Claremont Avenue. Take Claremont
off Germantown Road. and go to top of hill. 20 feet south of house. Between East Ridge
and Belvoir
*UCHT019079: 1984-04-11, Hamilton County, TN located at 309 Forest Avenue in front yard
next to sidewalk, NorthShore
*UCHT019081: 1986-04-04, Hamilton County, TN ca. 90 yards from the corner of Crawford
Road and Hunt Drive, on the southeast side of Hunt Drive in Lawn. Elev. ca. 780 ft. Near
the Chattanooga Airport
*UCHT019092: 1989-04-12, Hamilton County, TN at residence of 3100 Mason Drive. Tree in
outer northeast portion of lot, 10 feet from stone retaining wall. Elev.ca. 1000ft. Located in
lower Missionary Ridge neighborhood (on the west side)
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*UCHT019124: 1992-05-20, Hamilton County, TN at Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected about 1/4 to 1/2 mile away from the conference
center travelling northwest on the right side of the dirt road. elev.ca. 650 ft
*UCHT019082: 1992-05-20, Hamilton County, TN Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected in front of the conference center. Site is on the
southwest corner of the pond
*UCHT019122: 1992-10-20, Hamilton County, TN Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock
*UCHT019123: 1992-10-20, Hamilton County, TN Spangler farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected on overgrown grassy path on the way to the
quarry about 30 yds. from gravel road leading up the mountain
*UCHT019116: 1994-05-26, Hamilton County, TN at Booker T. Washington State Park. Picnic
Area #2. Elev. 700 ft.
*UCHT019066: 1995-04-07, Hamilton County, TN in East Brainerd, Yorktown Estates. 8264
Elbe Drive. Front Yard, 6 ft. from mailbox. Elev. ca. 280 m.
UCHT019080: 1995-04-16, Hamilton County, TN growing on the north side of the house at
7423 Private Lane approx. 6-7 miles north of Ooltewah. just off Hwy. 58.
UCHT032976: 1995-09-10, Hamilton County, TN at Bennie Ln, One mile off OoltewahRinggold Road, Collegedale
UCHT032975: 1997-09-12, Hamilton County, TN on SAU campus, by the church sidewalk
UCHT019097: 2005-04-28, Dade County, GA in floodplain of Lookout Creek, temporarily
flooded on a regular basis
UCHT019063: 2007-04-30, Hamilton County, TN in the vicinity of illegal campsite at
confluence of Rogers Creek 35.247840 -85.25581, NCCGSNA
*UCHT019103: 2010-04-07, Hamilton County, TN as several large trees in front of the parking
lot beside Building 3 in Fontaine Woods Apartments on Mountain Creek Road up the slope
of the woods about 10 paces. Coordinates: N35° 7' 23" W85° 18' 53"
UCHT019091: 2010-05-08, Hamilton County, TN found growing along fencerow near barn at
4312 Bill Jones Road, Apison
UCHT019099: 2010-05-20, Hamilton County, TN at 4312 Bill Jones Road, Apison
UCHT019089: 2012-04-23 Catoosa, County, GA at TN Army Nat'l Guard VTS. West side of
property, out Volunteer Road, southeast stream then southeast on Fox Springs Road, to the
far southeast corner of large field. Specimens collected from field and forested area
surrounding southeast corner of field.
UCHT019087: 2012-06-16, Catoosa County, GA in woods along Fox Spring Road 300m north
of the latitude of the Rifle Range. Site name: Shumard at: N34.919299 W85.064946
*UCHT019104: 2013-09-20, Walker County, GA growing beside the Bluff Road Trail
approximately 500 m from the northern end. waypoints: 34.930526, -85.370500 (on west
slope of Lookout Mountain)
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A. saccharum Marshall
……………………………………………………………………………………………………
Pre-pollution era: 1919-1949
(HARVARD)01794166: 1929-04-20, Dade County, GA in rocky woods, limestone outcrops
along base of Lookout Mountain
(NYBG)2489256: 1929-04-20, Dade County, GA in rocky woods, limestone outcrops along
base of Lookout Mountain (DUPLICATE)
GA047886: 1940-05-18, Walker County, GA at 50 feet high, 2 feet DBH, on rocks in north
facing ravine 3 ½ mi northwest of Lafayette in the Ridge and Valley Province
*CLEMS0066357: 1942-06-05, Walker County, GA in pine-oak-hickory woods on Hawkin’s
Ridge three miles southwest of Rossville
Heavily polluted era: 1950-1980
GA047901: 1951-05-19, Catoosa County, GA at 12 in. tall; 2 in. DBH. Deciduous woods on
slopes at edge of Cedar Barrens 1.8 due east of Fort Oglethorpe. Elevation 750 feet
GA047893: 1951-06-21, Catoosa County, GA with 30 in. DBH; 1-foot above Yates Springs 6.2
mi. S25°W of Ringgold. Elevation 800 ft.
VSC0008461: 1966-04-30, Catoosa County, GA at the base of Yates Spring, 7 mi S 22° W of
Ringgold in the Ridge and Valley Province
UCHT032981: 1966-05-08, Hamilton County, TN in Collegedale
(NYBG)2488927: 1974-04-09, Dade County, GA in a ravine at Lookout Mountain
*UCHT019153: 1974-08-24, Catoosa County, GA at Elev. 720 ft.; Growing 20 ft. from stream
and Alexander Bridge, just south of Fort Oglethorpe
UCHT032983: 1977-06-19, Hamilton County, TN on Grindstone Mountain
Post-pollution era: 1981-2021
*UCHT019140 1994-04-18 Tennessee, Hamilton, Located in the front yard of First Christian
Church on McCallie Avenue in downtown Chattanooga
UCHT032984 1997-09-04 Tennessee, Hamilton, SAU campus, in front of Thatcher
UCHT019135 2006-06-06 Tennessee, Hamilton, in the vicinity of Montlake Parking Area.
35.237440 -85.2344, Soddy Daisy
APSC0040302: 2012-05-12, Catoosa County, GA in creek draining east and crossing Fox
Spring Road (with a metal culvert under Fox Spring Road). This creek is the one just north
of a ridge with permanent Scutellaria plot 10-1. Site name: 237. Waypoint # 237 at
N34.919957 W85.065439, elevation 770 ft
APSC0053283: 2012-06-16, Catoosa County, GA in woods along Fox Spring Road ~300 m
north of the latitude of the Rifle Range. Site name: Shumard at N34.919299 W85.064946,
elevation: 791 ft
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Platanus (Sycamore), Platanaceae
P. occidentalis L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT014720: 1933-05-02, Hamilton County, TN
Heavily polluted era: 1950-1980
UCHT014721: 1950-05-06, Hamilton County, TN at Big Soddy Creek, north of Soddy Daisy
*UCHT014708: 1964-00-00, Hamilton County, TN in Brainerd
VSC0032927: 1964-07-18, Catoosa County, GA 3.9 miles west of Ringgold in deciduous forest
with large boulders of limestone
*UCHT014740: 1972-08-16, Catoosa County, GA at Chickamauga Battlefield, growing 200 ft.
southeast of visitor center near Hwy 27
UCHT014746: 1975-05-10, Hamilton County, TN at the north end of Point Park 20 ft west of
battery sign, Lookout Mountain Park
Post-pollution era: 1981-2021
*UCHT014692: 1981-04-15, Hamilton County, TN 20 yds from the west side of Clara Carpenter
School, growing on north side of Fifth Street in downtown Chattanooga beside the walk.
*UCHT014691: 1983-04-15, Hamilton County, TN on the campus of UTC, south side of Village
Apartments, along sidewalk on north side of Vine Street in downtown Chattanooga
*UCHT014698: 1986-04-22, Hamilton County, TN 1.2 blocks northwest from the corner of
Palmetto Street and East Fifth Street in downtown Chattanooga
*UCHT014733: 1986-04-08, Hamilton County, TN about five miles north of Chattanooga off I75. Holly Hills subdivision at 8008 Holly Hills Drive. On west side of creek bank, just north
of Hamilton Place area
*UCHT014694: 1992-06-10, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected near the quarry that is located on the southwest
edge of the farm. Site is on the western edge of the quarry down by the quarry lake’s edge in
gravelly area
MTSU004993: 1992-09-23, Hamilton County, TN 6.2 miles southeast from Cummings Hwy on
Scenic Hwy, right side of road at picnic area on Lookout Mountain
*UCHT014730: 1994-04-18, Hamilton County, TN on UTC campus off Mabel Street, opposite
UTC arena beside walking track
*UCHT014693: 1994-04-19, Hamilton County, TN 0.35 miles west on East Fifth Street from the
intersection of East Fifth Street and Palmetto Street to the walking track
*UCHT014739: 1994-05-26, Hamilton County, TN at Booker T. Washington State Park, edge of
parking lot near restrooms
UCHT014685: 2007-07-07, Hamilton County, TN in the vicinity of lower gorge Blue Hole at
NCCGSNA, 35.249611 -85.24261
APSC0052851: 2007-07-07, Hamilton County, TN in the vicinity of lower gorge Blue Hole at
NCCGSNA, 35.249611 -85.24261 (DUPLICATE)
UCHT014705: 2012-04-23, Catoosa County, GA at TN Army National Guard VTS on west side
of property on Volunteer Road near the classroom trailers. N34 54’34” W85 03’43.5”
UCHT014732: 2012-06-16, Catoosa County, GA in the margin of the woods west of the rifle
range, west of Fox Spring Road. In the more northern portion of the damp strip of woods
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that bisects the rifle range to the east and the mowed area to the west. N34.909927
W85.067634
APSC0053288: 2012-06-16, Catoosa County, GA in the margin of the woods west of the rifle
range, west of Fox Spring Road. In the more northern portion of the damp strip of woods
that bisects the rifle range to the east and the mowed area to the west. N34.909927
W85.067634 (DUPLICATE)

Quercus (Oak), Fagaceae
Q. alba L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT009543: 1932-00-00, Hamilton County, TN at Camp Raccoon, Chattanooga
*UCHT009580: 1932-05-00, Hamilton County, TN in Chattanooga
UCHT009582: 1933-10-06, Hamilton County, TN on Lookout Mountain
*UCHT009570: 1943-05-19, Hamilton County, TN in Chattanooga
UCHT009568: 1945-08-09, Hamilton County, TN on Lookout Mountain
Heavily polluted era: 1950-1980
*UCHT009552: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works, Chattanooga
UCHT009588: 1975-05-10, Hamilton County, TN growing 70 ft. west of the entrance to Point
Park at Lookout Mountain Park. Elev. 2100 ft.
*UCHT009589: 1975-06-08, Catoosa County, GA at Chickamauga Battlefield. Growing
adjacent to the most eastern trail from Viniard-Alexander Road to Thedford Road
UCHT030363: 1976-06-07, Hamilton County, TN at Grindstone Mountain
UCHT030370: 1977-06-19, Hamilton County, TN at Grindstone Mountain
Heavily polluted era: 1950-1980
UCHT030372: 1982-09-07, Hamilton County, TN in Collegedale, Filman’s Farm
*UCHT009560: 1992-11-14, Hamilton County, TN at Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected along the road that runs northwest away from
the conference center. Site is on the right side of the road about 1/4 mile from the
conference center. Elev.ca. 650 ft
UCHT030369: 1996-09-01, Hamilton County, TN on SAU campus
UCHT030381: 1996-09-23, Hamilton County, TN on SAU-hill between conference center and
Spanish church
UCHT030378: 1996-09-26, Hamilton County, TN at SAU, in the Garden of Prayer
UCHT009538: 1997-04-25, Hamilton County, TN near dirt road on east side of Edwards Road.
0.2 miles south of intersection with Shackleford Road. 200m down dirt road on south side
on Signal Mountain. Elev. ca. 600 ft
UCHT030375: 1997-10-07, Hamilton County, TN on SAU campus beside Hickman SC
UCHT009540: 1998-06-14, Hamilton County, TN, north on Signal Mountain Blvd. (Hwy127) to
the intersection of Suck Creek (Hwy27). Continue north on Hwy127 to the first stop light.
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Left (west) on Hwy127 to Timberlinks Drive. North on Timberlinks 2.3 miles to Edward's
Point Road. 3.8 miles west on Edward's Point to dirt/gravel road. 0.2 of a mile south on road
towards Edward's Point. Site in Prentice Cooper State Forest. Elev. ca. 1860ft
UCHT030386: 1999-09-06, Hamilton County, TN outside Hickman Science Center, SAU
UCHT009576: 2002-05-23, Hamilton County, TN on Green Brier Island
UCHT009577: 2002-05-23, Hamilton County, TN in Greenbrier campsite
UCHT009536: 2007-06-01, Hamilton County, TN in the vicinity of Yellowjacket Overlook.
Gorges overlook in Flipper Bend area. 35.240200 -85.24107, NCCGSNA
APSC0042558: 2010-09-09, Hamilton County, TN in woods at 4312 Bill Jones Road, Apison
GA086262: 2012-10-07, Catoosa County, GA on northern tip of sand mountain. North facing
bluff, near Ringgold. N34.944380 W85.060104
UCHT009533: 2012-10-07, Catoosa County, GA on the river bottoms area west and downhill of
Hickory Road, nearly due west of the intersection with Demo road, at the VTS at:
N34.935149 W85.053388 Elevation: 784 ft
GA086279: 2012-10-07, Catoosa County, GA on the river bottoms area west and downhill of
Hickory Road, nearly due west of the intersection with Demo road at the VTS, at:
N34.935149 W85.053388 Elevation: 784 ft (DUPLICATE)
UCHT040269: 2015-06-18, Hamilton County, TN .1 miles upstream of the U.S. Hwy 27 bridge,
in the vicinity of the trail that goes right up stream of Big Soddy Creek, north of Soddy
Daisy 35 17.871°, -85 09.104°
Q. nigra L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT009775: 1938-05-00, Hamilton County, TN in Chattanooga
*UCHT009801: 1941-00-00, Hamilton County, TN in Glenwood
**UCHT009776: 1942-00-00, Hamilton County, TN in Citizen’s Cemetery
Heavily polluted era: 1950-1980
*TENN-V-0081012: 1951-07-15, Hamilton County, TN in banks and bottoms of Lookout Creek
at base of Lookout Mountain on or near Chamblin property
*UCHT009800: 1968-05-17, Hamilton County, TN on Sarasota Drive, Hixson
*UCHT009781: 1974-05-25, Hamilton County, TN in East Ridge
**APSC0013466: 1976-11-19, Hamilton County, TN on UTC campus near student center
**APSC0013470: 1976-11-19, Hamilton County, TN on UTC campus near student center
(DUPLICATE)
**NCU00259057: 1976-11-19, Hamilton County, TN on UTC campus near student center
(DUPLICATE)
*MTSU010167: 1980-11-23, Hamilton County, TN at 4456 James Drive, west side of house at
edge of forest tree line, near Chickamauga Damn southwest of Booker T. Washington
Post-pollution era: 1981-2021
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MTSU010183: 1981-09-26, Hamilton County, TN located approx. 2 miles north of Soddy Daisy
on local hwy next to main road
**UCHT009780: 1983-04-17, Hamilton County, TN in front of 855 Vine Street in downtown
Chattanooga
*UCHT009805: 1992-05-20, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected along the edge of the pond in front of the
conference pond. Site is on the western edge of the pond
*UCHT009802: 1992-10-02, Hamilton County, TN on Spangler Farm, 5051 Gann Store road.
Northeast of Chickamauga Lock. Collected on the edge of the pond in front of the
conference center. Site is on the southeast edge of the pond along the wooden fence.
Elev.ca. 650 ft
*UCHT009803: 1992-11-14, Hamilton County, TN at 5051 Gann Store road. Northeast of
Chickamauga Lock. Collected along the road that runs northwest away from the conference
center on the right side of the road about 1/2 mile from the conference center. Elev.ca. 650 ft
*UCHT009806: 1992-11-14, Hamilton County, TN at 5051 Gann Store road. Northeast of
Chickamauga Lock. Collected along the road that runs northwest away from the conference
center on the right side of the road about 1/2 mile from the conference center. Elev.ca. 650 ft
(DUPLICATE)
*UCHT009807: 1992-11-14, Hamilton County, TN at 5051 Gann Store road. Northeast of
Chickamauga Lock. Collected along the road that runs northwest away from the conference
center on the right side of the road about 1/2 mile from the conference center. Elev.ca. 650 ft
(DUPLICATE)
*UCHT009796: 2006-04-11, Hamilton County, TN on the north (river) side of the tenth of a
mile wooded section of the Chattanooga Riverwalk, first left off Riverside Drive from UTC
campus, near the boathouse
UCHT040271: 2015-06-18, Hamilton County, TN at Waypoints: 35 17.871°, -85 09.104° 0.1
miles upstream of the U.S. Hwy 27 bridge, in the vicinity of the trail that starts on the left
side of the creek, Soddy Daisy
*UCHT036870: 2018-05-21, Hamilton County, TN in Chattanooga. Privately-owned lot on
Adams Road with degraded limestone glade in Hixson
Q. phellos L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT009846: 1932-00-00, Hamilton County, TN at Lookout Lake in Chattanooga
*UCHT009835: 1942-00-00, Hamilton County, TN in Chattanooga
*TENN-V-0081113: 1946-0918, Oak-pine woods just east of Chattanooga by US highway
41/64, downtown
Heavily polluted era: 1950-1980
*NCU00260048: 1962-07-22, Hamilton County, TN on west side of Pine St, 30-40 ft north of
West Seventh Street, on front lawn of St. Paul’s Episcopal church, Chattanooga, downtown
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GA027184: 1968-07-05, Catoosa County, GA on bank of Peavine Creek, 2 mi north of Peavine
Church, just southeast of Chickamauga
*UCHT009833: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works, divided into
four areas from water tower east to boundary fence (III)
*TENN-V-0081111: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works, divided
into four areas from water tower east to boundary fence (III) (DUPLICATE)
UCHT030455: 1976-08-17, Hamilton County, TN adjacent Tucker Road, Collegedale
*UCHT009831: 1980-05-19, Hamilton County, TN across from 2710 Amnicola Highway. East
side of marsh, northeast corner on dry land. 50 yards from highway, elevation 660 ft
*UCHT009832: 1980-08-21, Hamilton County, TN on northeast side of Amnicola Marsh. Site is
across highway from 2710 Amnicola Highway, Chattanooga
Post-pollution era: 1981-2021
UCHT030459: 1982-09-07, Hamilton County, TN along creek across railroad tracks from SC
UCHT030473: 1982-09-07, Hamilton County, TN, alongside Apison Pike, Collegedale
*MTSU010249: 1992-10-17, Hamilton County, TN, front parking lot of Hamilton county airport
UCHT030464: 2001-09-30, Hamilton County, TN on SAU campus
UCHT030462: 2001-10-17, Hamilton County, TN on SAU Campus, Miller Hall
UCHT009828: 2008-04-25, Hamilton County, TN in the vicinity of boundary marker near
Dayton Pike 35.222310 -85.2227
UCHT009827: 2010-06-17, Hamilton County, TN found at 4312 Bill Jones Road, Apison
UCHT009824: 2012-06-16, Catoosa County, GA at wooded margin west of Peace Road, about
55 meters north of the intersection of Peace and Shortcut? at: N34.940786 W85.050690
APSC0053290: 2012-06-16, Catoosa County, GA at wooded margin west of Peace Road, about
55 meters north of the intersection of Peace and Shortcut? at: N34.940786 W85.050690
(DUPLICATE)
*UCHT036871: 2018-05-21, Hamilton County, TN at privately-owned lot on Adams Road with
degraded limestone glade, in Hixson. GPS: 35.13353, -85.23293 +/- 100 m, Elevation:
223.93597 m
Q. rubra L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT009914: 1942-00-00, Hamilton County, TN in Chattanooga at Citizen’s Cemetery
UCHT009913: 1943-08-20, Hamilton County, TN on Signal Mountain
Heavily polluted era: 1950-1980
TENN-V-0192644: 1952-07-26, Hamilton County, TN
UCHT030543: 1977-06-19, Hamilton County, TN on Grindstone Mountain
*UCHT009916: 1980-08-21, Hamilton County, TN, north side of Amnicola Marsh, which is
located across highway from 2710 Amnicola Highway. Elevation 660 ft.
Post-pollution era: 1981-2021
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*0067454MORHess: 1991-06-23, Hamilton County, TN, Chattanooga Nature Center &
Reflection Riding, northwest corner of Lookout Mt., 35.007502 -85.36331
*UCHT009922: 1992-10-20, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected on the narrow trail that runs between the quarry
lake and Chickamauga Creek. Chattanooga
*UCHT009921: 1992-11-14, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected along road that leads northwest away from the
conference center. Site is about 1/8 mile from the center on the right side of the road as you
travel away from the center. Elev. ca. 650 ft.
UCHT009895: 2007-09-06, Hamilton County, TN at North Chickamauga Creek Gorge State
Natural Area. Vicinity of intersection of powerline trail, originating near Boston Branch
gate, and powerline right-of-way. 35.237000 -85.27258
UCHT009893: 2012-10-07, Catoosa County, GA at the river bottoms area west and downhill of
Hickory Road, nearly due west of the intersection with Demo road, at TN VTS at:
N34.935149 W85.053388 Elevation: 784 ft
GA086280: 2012-10-07, Catoosa County, GA at the river bottoms area west and downhill of
Hickory Road, nearly due west of the intersection with Demo road, at TN VTS at:
N34.935149 W85.053388 Elevation: 784 ft (DUPLICATE)
APSC0041728: 2012-10-07, Catoosa County, GA at the river bottoms area west and downhill of
Hickory Road, nearly due west of the intersection with Demo road, at TN VTS at:
N34.935149 W85.053388 Elevation: 784 ft (DUPLICATE)

Salix (Willow), Salicaceae
S. babylonica L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT008917: 1931-00-00, Hamilton County, TN in Highland Park in Southside
*UCHT008916: 1932-00-00, Hamilton County, TN in Chattanooga, edge of McCallie Lake
Heavily polluted era: 1950-1980
*UCHT008920: 1976-04-06, Hamilton County, TN at east end of lot at 3725 Premium Drive,
Chattanooga. 18 ft. west of picture window of house at 3725 Premium Drive. Three ft. south
of mailbox. Elev. 800 ft. in Red Bank
*UCHT008915: 1979-04-14, Hamilton County, TN on bank of the Tennessee River, property
adjacent to Chattanooga Golf and Country Club; 90 ft from property border. Elev. 650 ft.
Post-pollution era: 1981-2021
*UCHT008908: 1981-04-15, Catoosa County, GA in southeast corner of lawn at 104 Stephenson
Drive. Fort Oglethorpe Elev. 700 ft.
*UCHT008921: 1981-04-18, Hamilton County, TN located on Ooltewah-Ringgold Road, .4 of a
mile north of the Ooltewah-Ringgold Road and East Brainerd Road intersection. Growing
on the east side of the road beside the wellhouse to a spring. Elev. ca. 750', located in East
Brainerd
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UCHT008919: 1998-09-27, Hamilton County, TN, north on Signal Mountain Blvd. (Hwy 127)
to the intersection of Suck Creek Road (Hwy 27). Continue N on Hwy 127 to the first stop
light. Left (west) on Signal Mountain Blvd. to Timberlinks Drive. North on Timberlinks 2.0
miles. Specimen found 0.1 of a mile west near a paved/gravel road. Site in Prentice Cooper
State Forest. Elev. ca. 1720 ft.
S. nigra Marsh.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*CLEMS0065904: 1925-05-05, Hamilton County, TN in Glenwood, Chattanooga
*CLEMS0065903: 1925-05-05, Hamilton County, TN in Glenwood, Chattanooga
(DUPLICATE)
*CLEMS0065905: 1926-05-02, Hamilton County, TN in rich clay on the bank of Tennessee
River below Signal Mountain in Chattanooga
*UCHT009029: 1931-00-00, Hamilton County, Lookout Mountain Park on east slope
*UCHT008986: 1932-00-00, Hamilton County, TN at Lookout Lake, Chattanooga
*UCHT009015: 1935-04-28, Hamilton County, TN in Glenwood
Heavily polluted era: 1950-1980
UCHT030125: 1965-05-09, Hamilton County, TN in Collegedale
*UCHT009028: 1974-09-02, Walker County, GA growing 100 ft. southeast of monument to
Longstreet Headquarters near Dyer Road. Under Juniperus Chickamauga Battlefield Elev.
750 ft.
*UCHT009013: 1979-06-04, Hamilton County, TN growing at edge of marsh east side. Site is
across highway from 2710 Amnicola Highway. Elev. 660 ft.
*UCHT009017: 1979-06-04, Hamilton County, TN growing at edge of marsh east side. Site is
across highway from 2710 Amnicola Highway. Elev. 660 ft. (DUPLICATE)
Post-pollution era: 1981-2021
UCHT030200: 1982-10-05, Hamilton County, TN at Savannah Bay north of Ooltewah and
Harrison
*UCHT009016: 1992-05-20, Hamilton County, TN at Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected near the edge of the pond in front of the
conference center. Site is on the southwestern edge of the pond
UCHT008985: 2010-06-08, Hamilton County, TN found at 4312 Bill Jones Road, Apison.
UCHT008987: 2011-04-10, Hamilton County, TN, growing by ditch with running water along
East Brainerd Road. about 1/4 mi. north of junction with London Lane, Apison.
TENN-V-0192621: 2011-04-10, Hamilton County, TN, growing by ditch with running water
along East Brainerd Road. about 1/4 mi. north of junction with London Lane, Apison
(DUPLICATE)
TENN-V-0192624: 2011-04-10, Hamilton County, TN, in wet area along Apison Pike between
railroad and road at McKee Bakery plant, Collegedale
UCHT008999: 2012-06-16, Catoosa County, GA in the margin of the woods west of the rifle
range, west of Fox Spring Road. In the more northern portion of the damp strip of woods
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that bisects the rifle range to the east and the mowed area to the west. Waypoint # Isoetes'
at: N34.909927 W85.067634
APSC0053285: 2012-06-16, Catoosa County, GA in the margin of the woods west of the rifle
range, west of Fox Spring Road. In the more northern portion of the damp strip of woods
that bisects the rifle range to the east and the mowed area to the west. Waypoint # Isoetes'
at: N34.909927 W85.067634 (DUPLICATE)
UCHT009000: 2012-10-17, Catoosa County, GA northeast of the mowed over tank and rifle
firing range. The entire area was a wetland and now the intact wooded wetland only exists
to the northeast, north of Service Road. at: N34.932147 W85.057977
UCHT040257: 2014-05-10, Hamilton County, TN at lower portion of the Gorge as the Creek
progresses toward Chickamauga Lake. NCCGSNA, Lat: 35.301303° Long: 85.170593°
Salix sp.
………………………………………………………………………………………………………
*UCHT009047: 1941-07-23, Hamilton County, TN on east slope of Lookout Mt.
*UCHT009048: 1941-07-22, Hamilton County, TN on Firetrail, west side Lookout Mt.
*UCHT009049: 1932-04-00, Hamilton County, TN Brainerd, Chattanooga

Viola (Violet), Violaceae
V. canadensis L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
(HARVARD)02145846: 1933-04-23, Hamilton County, TN at Big Falling Water Gulch on
Signal Mountain
UCHT019820: 1933-05-09, Hamilton County, TN on Lookout Mountain
*UCHT019814: 1934-04-22, Hamilton County, TN, Harrison in the woods
*UCHT019818: 1938-04-00, Hamilton County, TN, Harrison
**GA051324: 1938-04-24, Walker County, GA located five miles northwest of Lafayette in
calcareous woods
Heavily polluted era: 1950-1980
**GA051319: 1951-05-20, Walker County, GA on steep wooded slopes of ravine in region of
calcareous rocks 6.3 mi. N22°W of Lafayette, elevation 840 ft.
**GA051306: 1951-05-20, Walker County, GA on steep wooded slopes of ravine in region of
calcareous rocks 6.3 mi. N22°W of Lafayette, elevation 840 ft. (DUPLICATE)
**GA267570: 1951-05-20, Walker County, GA on steep wooded slopes of ravine in region of
calcareous rocks 6.3 mi. N22°W of Lafayette, elevation 840 ft. (DUPLICATE)
**NCU00124660: 1951-05-20, Walker County, GA on steep wooded slopes of ravine in region
of calcareous rocks 6.3 mi. N22°W of Lafayette, elevation 840 ft. (DUPLICATE)
**(USF)62031: 1951-05-20, Walker County, GA on steep wooded slopes of ravine in region of
calcareous rocks 6.3 mi. N22°W of Lafayette, elevation 840 ft. (DUPLICATE)
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**VSC0040316: 1951-05-20, Walker County, GA on steep wooded slopes of ravine in region of
calcareous rocks 6.3 mi. N22°W of Lafayette, elevation 840 ft. (DUPLICATE)
*UCHT019816: 1960-00-00, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary
*UCHT019819: 1962-00-00, Hamilton County, TN on the Tennessee Riverbank
*UCHT019810: 1968-04-05, Hamilton County, TN at the eastern boundary, Spangler Farm,
Hixson
*UCHT019811: 1978-03-27, Hamilton County, TN at 4015 Wonder Drive on east side of house,
East Ridge, Chattanooga, elevation 800 ft.
Post-pollution era: 1981-2021
UCHT019776: 1989-03-26, Hamilton County, TN, exit east off Ooltewah exit and go 1.5 miles
to intersection. Turn north on Ooltewah-Georgetown Road and go 15 miles to Mahan Gap
Road. Turn east and go 1 mile to Fire Tower Road (dirt road). Turn south and go 1 mile
down road. Stop at bridge. Flowers are growing alongside of bank, site is north of Harrison
APSC0054484: 2007-03-25, Hamilton County, TN in the vicinity of lower gorge Blue Hole.
35.249611 -85.242611. NCCGSNA
UCHT019796: 2008-04-13, Hamilton County, TN in the vicinity of lower gorge Blue Hole
35.249611 - 85.242611. NCCGSNA
V. pedata L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT033237: 1931-04-00, Hamilton County, TN, near hills west of Camp Road in Collegedale
*(HARVARD)02208437: 1931-05-10, Hamilton County, TN at Lookout Mountain Park
Heavily polluted era: 1950-1980
*GA051570: 1951-05-06, Catoosa County, GA among scattered trees at Cedar Glades 1.9 mi.
E18° N of Fort Oglethorpe. Elev 730 feet, Ridge and Valley Province
GA051611: 1959-04-25, Dade County, GA in shallow, reddish sandy soil over horizontally
bedded sandstone, western crest of Lookout Mountain on GA Route 143
UCHT033255: 1962-04-08, Hamilton County, TN, north end of trail behind science building at
SAU
*UCHT019984: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Hamilton county. Divided into four areas from water tower east to boundary
fence (I, II,III,IV)
*TENN-V-0152485: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Hamilton county. Divided into four areas from water tower east to boundary
fence (I, II,III,IV) (DUPLICATE)
*UCHT019985: 1971-05-00, Hamilton County, TN at Volunteer Ordnance Works, Chattanooga.
Divided into four areas from water tower east to boundary fence (IV)
UCHT033253: 1976-05-07, Hamilton County, TN on Biology trail area, 1/4 mi. behind Library
at SAU
UCHT033249: 1977-04-02, Hamilton County, TN on Camp Road, Collegedale
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UCHT033246: 1977-04-12, Hamilton County, TN one mile south of Ooltewah on Gov't TNT
reserve.
*APSC0032796: 1977-04-22, Catoosa County, GA in glade at Battlefield Parkway (#2), 0.6
miles east of Cedar Lane, Fort Oglethorpe
*UCHT033238: 1980-04-19, Hamilton County, TN on Standifer-Gap Road, between East
Brainerd and Ooltewah
*UCHT033239: 1980-04-19, Hamilton County, TN on Standifer-gap Road, between East
Brainerd and Ooltewah (DUPLICATE)
Post-pollution era: 1981-2021
UCHT019970: 2012-10-07, Catoosa County, GA along the degraded, upslope potion of Recon
Road, near the summit of the southern portion of Sand Mountain. N34.935421 W85.066937
APSC0041950: 2012-10-07, Catoosa County, GA along the degraded, upslope potion of Recon
Road, near the summit of the southern portion of Sand Mountain. N34.935421 W85.066937.
(DUPLICATE)
V. primulifolia L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
CLEMS0069421: 1926-05-24, Hamilton County, TN in wooded ravine on Signal Mountain,
Chattanooga
CLEMS0069420: 1926-05-24, Hamilton County, TN in wooded ravine on Signal Mountain,
Chattanooga (DUPLICATE)
UCHT020017: 1934-05-01, Hamilton County, TN on Signal Mountain
Heavily polluted era: 1950-1980
GA051670: 1951-05-20, Walker County, GA in sphagnous area in woods around Brushy Pond,
4.2 miles N59°E of Lafayette. Elevation 970 ft, Valley and Ridge Province
TENN-V-0153596: 1951-05-20, Walker County, GA in sphagnous area in woods around Brushy
Pond, 4.2 miles N59°E of Lafayette. Elevation 970 ft, valley and ridge province
(DUPLICATE)
UCHT033266: 1953-04-22, Hamilton County, TN on hill behind Normal building, northwest
corner by stream, SAU campus, Collegedale
Post-pollution era: 1981-2021
UCHT02011: 1996-05-23, Hamilton County, TN at North Chickamauga Creek 3, north of Signal
Mountain
APSC0052230: 2006-04-22, Hamilton County, TN in the vicinity of connection of trail from
gravel upper parking lot and powerline right-of-way, NCCGSNA
UCHT020026: 2007-04-13, Hamilton County, TN at NCCGSNA, at Stevenson Branch Trail
coal mine. 35.252180 -8524158
UCHT020025: 2007-05-03, Hamilton County, TN at NCCGSNA in the vicinity of intersection
of powerline trail, originating near Boston Branch gate, and powerline right-of-way
35.237000 -85.27258
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APSC0101803: 2016-04-15, Hamilton County, TN at NCCGSNA, along bank of the creek, ~5 ft
from creek on sandy bank, ~0.3 miles down Trail 2, N 35.235556 W -85.233333, elevation
243.8 m
V. striata Willd.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT020201: 1934-04-22, Hamilton County, TN eight miles east of Missionary Ridge
*UCHT020202: 1934-04-22, Hamilton County, TN near Davidson's, East Brainerd in swampy
area
***UCHT020194: 1945-04-22, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary
***UCHT020195: 1945-04-22, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary
(DUPLICATE)
***UCHT020192: 1946-03-31, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary
***UCHT020193: 1946-03-31, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary
(DUPLICATE)
***TENN-V-0153044: 1946-03-31, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary
(DUPLICATE)
***TENN-V-0152045: 1949-04-01, Hamilton County, TN at creek bottom, Chickamauga Creek
in the Elise Chapin Sanctuary near Chattanooga
Heavily polluted era: 1950-1980
***UCHT020200: 1954-04-13, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary in
low woods and meadows
***UCHT020188: 1960-00-00, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary in
the woods
*UCHT020197: 1968-04-17, Hamilton County, TN near Art Building Garden in open weedgrass field, UTC Campus
*UCHT033314: 1968-05-06, Hamilton County, TN in the woods in East Chattanooga
**UCHT020198: 1968-05-12, Hamilton County, TN in East Brainard along creek bank
***UCHT020189: 1974-05-18, Hamilton County, TN located at Elise Chapin's Wildlife
Sanctuary southwest of trail 30 ft. east of creek, 15 ft. south of large 75 ft. tree, under sign
"Bluebells and Violets here in March and April" Elevation ca. 650 ft. in East Ridge
Post-pollution era: 1981-2021
UCHT020184: 2012-03-12, Catoosa County, GA, at TN army Nat'l Guard VTS. West side of
property, out Volunteer Road, southeast on Fox Road, just past gravel parking area, near
large creek crossing, on southwest side of road. Coordinates: N34 54.486' W085 03.915'
UCHT020181: 2013-03-21, Catoosa County, GA at Waypoint: N. 35.15832 W. 85.18723
directly east of Tiger and north of gravel road that crosses Tiger Creek to the sites eastern
firing range
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*APSC0101136: 2017-04-16, Hamilton County, TN growing in shaded lawn in the backyard of
a home on the 4700 block on St. Elmo Avenue. N 34.995833 W -85.329444 Elev 710 ft.
V. tripartita Elliot
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
(HARVARD)02211855: 1929-04-20, Dade County, GA in rocky woods along west slopes of
Lookout Mountain
GA051942: 1931-04-30, Catoosa County, GA 3.5 miles west of Ringgold
**UCHT020247: 1933-04-14, Hamilton County, TN at Little Falling Water Gulch
*UCHT020223: 1943-04-27, Hamilton County, TN on north slope of Lookout Mountain in open
woods
UCHT020232: 1943-04-27, Hamilton County, TN at Lookout Mountain in damp woods
Heavily polluted era: 1950-1980
**(HARVARD)02211881: 1978-05-05, Hamilton County, TN in Chattanooga, Falling Water
Falls State Natural Area, Northeast-facing slope of Pickett Gulf. Fairmont 7.5’ USGS Quad.
Forest below falls to Levi Cave. On gentle slope at about 1050’ elev. 35 11’35” N 85
16’38”W
Post-pollution era: 1981-2021
*APSC0000282: 1993-05-17, Hamilton County, TN at Chickamauga-Chattanooga National
Military Park, below Upper Truck Trail, Boundary of park circa 75 feet below trail, circa
0.3 miles from Craven House
*NCU00126385: 1993-05-31, Hamilton County, TN, Chattanooga Chickamauga-Chattanooga
National Military Park; Whiteside Trail, Old Turnpike Road between pipeline and Sanders
Road
*APSC0000287: 1993-05-31, Hamilton County, TN, Chattanooga Chickamauga-Chattanooga
National Military Park; Whiteside Trail, Old Turnpike Road between pipeline and Sanders
Road (DUPLICATE)
**NCU00126386: 1995-05-15, Hamilton County, TN, Fairmont, Signal Mountain, Falling Water
Falls, Green property adjacent to State Designated Natural Area
*UCHT020250: 2003-04-29, Hamilton County, TN, Chickamauga and Chattanooga National
Military Park in rich cove-like area and adjacent roadside. Elevation 872 ft. UTM East
649946 UTM North 3876070 Datum NAD 83
*UCHT020249: 2005-04-27, Walker County, GA at Chickamauga and Chattanooga National
Military Park. Drive west on McFarland Gap Road ~3/4 mi from junction with US 27 near
Visitors center. Cross creek and up steep north facing bluff. Plot 18. Elevation 250 m. UTM
East 657877 UTM North 3867721 Datum NAD 83
UCHT020216: 2007-03-30, Hamilton County, TN, NCCGSNA in the vicinity of lower gorge
Blue Hole 35.249611 -85.242611
UCHT039020: 2015-04-11, Hamilton County, TN at Deep Creek Tributary to the Big Soddy
Creek Gorge located approximately .5 miles in on the left side of the trail. Waypoint:
N35.299295 W -85.199787
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*UCHT020229: 2016-04-13, Hamilton County, TN at Lookout Mountain Park, Kiddie Trail. 274
ft. up trail from Garden Road. Trailhead in rich lowland woods, W -85.361558, elev 782 ft.
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APPENDIX C

SPECIMEN RESULTS FOR SPECIES WITH BOTH METAL
ACCUMULATING POTENTIAL AND MORPHOLOGICAL
CHARACTERISTICS ON THE LEAF SURFACE
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*significant specimens
**, **¨specimens collected from the same location over two or more pollution eras

Acer (Maple), Sapindaceae
A. leucoderme Small
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*NCU00419078: 1942-06-05, Walker County, GA in pine-oak-hickory woods on Hawkin’s
Ridge southwest of Rossville, Ridge and Valley Province
GA047576: 1948-09-24, Catoosa County, GA on slopes of a hill in pine-oak-hickory-cedar
woods 2 ½ mi. N 62° E of Ringgold along small tributary of Chickamauga Creek. Elevation
about 750 ft.
Heavily polluted era: 1950-1980
LSU00104181: 1951-05-06, Catoosa County, GA on hillside at Ellie Spring 3.1-mile W 10° N
of Ringgold., 235m
GA221751: 1951-06-21, Catoosa County, GA was 15 ft. tall; 6 in. DBH; On rocky slopes 100
yds. north of Yates Spring 6.2 mi. S25° W of Ringgold. Elevation 800 ft
*TENN-V-0143613: (NO DATE, but consistent with other collections made on 1951-07-15
with same collectors and same label used- TENN-V-0229216 and NCU00095725),
Hamilton County, TN on bluff along Chickamauga Creek, Elise Chapin’s Sanctuary
*NCU00418989: 1952-07-26, Hamilton County, TN at Elise Chapin Sanctuary
*TENN-V-0143611: 1952-07-26, Hamilton County, TN at Elise Chapin’s Sanctuary
(DUPLICATE)
*TENN-V-0143614: 1952-07-26, Hamilton County, TN at Elise Chapin’s Sanctuary
(DUPLICATE)
*TENN-V-0143615: 1952-07-26, Hamilton County, TN at Elise Chapin’s Sanctuary
(DUPLICATE)
*TENN-V-0143616: 1952-07-26, Hamilton County, TN at Elise Chapin’s Sanctuary
(DUPLICATE)
GA047611: 1953-04-26, Catoosa County, GA on steep slopes at large bend in Peavine Creek
4.0 mi. west of Ringgold, Elevation 720 feet, Ridge and Valley Province
Post-pollution era: 1981-2021
*DUKE10087741: 2000-05-29, Hamilton County, TN in Chattanooga, Signal View Apartments
on Mountain Creek Road
TENN-V-0143612: 2003-00-00, Hamilton County, TN at Apison Pike at Little Debbie; railroad
crossing at Apison and College Drive; mesic stream heads, Collegedale Area.
UCHT018909: 2012-05-12, Catoosa County, GA in creek draining east and crossing Fox
Springs Road (with a metal culvert under Fox Spring Road). This creek is the one just north
of a ridge with permanent Scutellaria plot 10-1. Site name: 237. Waypoint #: 237 at
N34.919957 W85.065439 Elevation: 770ft, TN NG VTS
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GA086414: 2012-05-12, Catoosa County, GA, in creek draining east and crossing Fox Springs
Road (with a metal culvert under Fox Spring Road). This creek is the one just north of a
ridge with permanent Scutellaria plot 10-1. Site name: 237. Waypoint #: 237 at
N34.919957 W85.065439 Elevation: 770ft, TN NG VTS (DUPLICATE)
UCHT018910: 2012-06-16, Catoosa County, GA in margin of the woods west of the rifle range,
west of Fox Spring Road. In the area where the field margin protrudes into the woods.
Waypoint # Fox' at: N34.909779 W85.068231, TN VTS
APSC0040299: 2012-06-16, Catoosa County, GA in margin of the woods west of the rifle
range, west of Fox Spring Road. In the area where the field margin protrudes into the
woods. Waypoint # Fox' at: N34.909779 W85.068231, TN VTS (DUPLICATE)
UCHT018911: 2012-06-16, Catoosa County, GA on west side of Fox Spring Road directly west
of Road 13. Site name: 227. Waypoint # 227 at: N34.913838 W85.067220 Elevation: 812
ft, TN VTS
APSC0020142: 2012-06-16, Catoosa County, GA on west side of Fox Spring Road directly
west of Road 13. Site name: 227. Waypoint #: 227, 34.913838 -85.06722, 247m, TN VTS
(DUPLICATE)

Helianthus (Sunflower), Asteraceae
H. divaricatus L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
IND-0130238: 1934-07-14, Hamilton County, TN on ridge back of Soddy Daisy, 35.2884 85.174864
TENN-V-0230023: 1934-07-14, Hamilton County, TN at Walden’s Ridge, Soddy Daisy
*UCHT029157: 1941-07-22, Hamilton County, TN on Lookout Mountain, west
Heavily polluted era: 1950-1980
UCHT029156: 1972-07-15, Hamilton County, TN growing at north edge of lawn, halfway from
the parking lot to the viewing area. Signal Point Park Elev. 1650ft.
*GA077565: 1976-09-29, Catoosa County, GA in cherty sandy clay of bank in oak-pine by I-75,
one mile north of turnoff to Fort Oglethorpe
Post-pollution era: 1981-2021
APSC0041630: 2012-10-07, Catoosa County, GA at intersection of Hickory and Ammo roads at
VTS. N34.923336 W85.057174, elevation 948 ft
UCHT029155: 2012-10-07, Catoosa County, GA along the degraded, upslope portion of Recon
Road, near the summit of the southern portion of Sand Mountain, N34.935421 W85.066937
Elevation: 1128, VTS
H. hirsutus Raf.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT029173: 1931-10-02, Hamilton County, Lookout Mountain
UCHT029174: 1931-10-02, Hamilton County, Lookout Mountain (DUPLICATE)
*UCHT029172: 1941-07-24, Hamilton County, TN at Hixson Road
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Heavily polluted era: 1950-1980
*IND-0131445: 1951-08-12, Catoosa County, GA at Cedar Glades 1.9 miles E 18°N of Fort
Oglethorpe, 34.932913 -85.229261, 223m
*GA077615: 1951-08-13, Catoosa County, GA in shallow soil on Cedar Glades 1.3 miles E 18°S
of Fort Oglethorpe. Elevation 720 feet
*GA077635: 1951-09-19, Catoosa County, GA at Cedar Glades 1.9 miles E 18°N of Fort
Oglethorpe, elevation 730 ft
UCHT041087: 1968-07-22, Hamilton County, TN in Collegedale
UCHT041088: 1970-07-29, Hamilton County, TN in Collegedale
UCHT041086: 1978-07-18, Hamilton County, TN at Harrison Bay State Park, area cleared of
woods, near boat dock
GA077631: 1979-08-09, Walker County, GA in thin soil of limestone outcrop, at powerline off
GA 143 (136) just west of GA 341 eight miles northwest of Lafayette, Ridge and valley
Post-pollution era: 1981-2021
*UCHT029180: 1984-08-16, Catoosa County, GA at Chickamauga Battlefield. Growing at edge
of cedar glade about 100 yards north of Viniard Road, southeastern section, Elev. 740 ft.
UCHT029179: 1997-07-00, Hamilton County, TN found in woods between Snow Hill and
Mountain View Roads. Site in Ooltewah, which is approx. 12 km northeast from
Chattanooga's Lovell Field Airport. Elev. 800ft.
UCHT029176: 2007-08-23, Hamilton County, TN in the vicinity of Boston Branch gate;
35.236310 -85.27644, NCCGSNA
UCHT029171: 2012-08-10, Catoosa County, GA on the west side of the pond margin (off Pond
Road). We collected around the lower pond, and above the dam at the higher point, at:
N34.913469 W85.060008 Elevation 785 ft.
UCHT029166: 2012-08-10, Catoosa County, GA on the west side of the pond margin (off Pond
Road). We collected around the lower pond, and above the dam at the higher point, at:
N34.913469 W85.060008 Elevation 785 ft. (DUPLICATE)
APSC0025226: 2012-08-10, Catoosa County, GA on the west side of the pond margin (off Pond
Road). We collected around the lower pond, and above the dam at the higher point, at:
N34.913469 W85.060008 Elevation 785 ft. (DUPLICATE)
UCHT029169: 2012-08-10, Catoosa County, GA at Tennessee Army National Guard Training
Facility. Along Recon Road, heading up the south side of Sand Mountain. Site Name: 248,
at: N34.934533 W85.062981 Elevation: 940 ft.
GA086042: 2012-08-10, Catoosa County, GA at Tennessee Army National Guard Training
Facility. Along Recon Road, heading up the south side of Sand Mountain. Site Name: 248,
at: N34.934533 W85.062981 Elevation: 940 ft. (DUPLICATE)
APSC0025225: 2012-08-10, Catoosa County, GA at Tennessee Army National Guard Training
Facility. Along Recon Road, heading up the south side of Sand Mountain. Site Name: 248,
at: N34.934533 W85.062981 Elevation: 940 ft. (DUPLICATE)
APSC0025236: 2012-08-10, Catoosa County, GA at Tennessee Army National Guard Training
Facility. Along Recon Road, heading up the south side of Sand Mountain. Site Name: 248,
at: N34.934533 W85.062981 Elevation: 940 ft. (DUPLICATE)
UCHT029170: 2012-08-17, Catoosa County, GA along Service Road between Pickett Road and
Fox Spring Road Site name: 289. Waypoint #: 289 at: N34.928093 W85.062668 Elevation:
774 ft.
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APSC0052458: 2012-08-17, Catoosa County, GA along Service Road between Pickett Road and
Fox Spring Road Site name: 289. Waypoint #: 289 at: N34.928093 W85.062668 Elevation:
774 ft. (DUPLICATE)
H. microcephalus Torr. & A. Gray
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT029204: 1939-10-01, Hamilton County, TN on eastern slope of Lookout Mountain
Heavily polluted era: 1950-1980
IND-0131866: 1957-08-30, Hamilton County, TN along Rt. 8, Signal Mountain area of
Cumberland Plateau, 35.081845 -85.319473
*TENN-V-0230289: 1957-09-00, Hamilton County, TN on woodland border along U.S. 11, east
of Chattanooga, in Lookout Valley
*UCHT029193: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
*UCHT029194: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
(DUPLICATE)
*UCHT029201: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
(DUPLICATE)
*UCHT029203: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
(DUPLICATE)
*UCHT029205: 1971-08-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, Divided into four areas from water tower east to boundary fence (I, II, III, IV)
*UCHT029206: 1974-08-31, Hamilton County, at Lookout Mountain Park, growing at base of
cliff, west side of Eagle's Nest area
Post-pollution era: 1981-2021
UCHT041089: 1981-08-31, Hamilton County, TN on SMC Biology trail
TENN-V-0230287: 1996-08-06, Hamilton County, TN at Timberlinks Road, powerline between
Short Creek and Middle Creek, Signal Mountain
UCHT029198: 1997-07-30, Hamilton County, TN found in woods between Snow Hill and
Mountain View roads. Site in Ooltewah, which is approx. 12 km northeast from
Chattanooga's Lovell Field Airport. Elev. ca. 800 ft.
TENN-V-0230288: 2006-09-28, Hamilton County, TN found south of Highway 111, a couple
miles from Jones Gap Road, on Walden Ridge. Plants were found along former logging road
that had become overgrown
UCHT029202: 2007-07-21, Hamilton County, TN at NCCGSNA in the vicinity of Montlake
parking area. 35.237440 -85.2344
UCHT029185: 2012-08-17, Catoosa County, GA along Fox Spring Road, north of Eagle Road
and north of the tank firing backdrop on Sand Mountain. East of the 'castle building' with
the two cars. Site name: 284, at: N34.935904 W85.057699 Elevation: 824 ft.
APSC0041916: 2012-08-17, Catoosa County, GA along Fox Spring Road, north of Eagle Road
and north of the tank firing backdrop on Sand Mountain. East of the 'castle building' with
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the two cars. Site name: 284, at: N34.935904 W85.057699 Elevation: 824 ft.
(DUPLICATE)
UCHT039107: 2014-08-08, Hamilton County, TN at Waypoints: 35.302276 -85.177621
Alongside the Gravel road that runs parallel to Big Soddy creek
UCHT039106: 2015-09-17, Hamilton County, TN in small depression at the base of a shale cliff
near the large fallen boulder along the park road. Waypoints: 35 18.120, -85 10.904, north
of Soddy Daisy
H. mollis Lam.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
GA077741: 1948-06-26, Catoosa County, GA in open place near small, east-flowing tributary to
Chickamauga Creek, 2 ½ mi. airline northeast of Ringgold
**GA077739: 1948-08-09 Catoosa County, GA in moist, open and partly shaded place with thin
soil over flat limestone rocks, Chickamauga and Chattanooga National Park, 10 mi. west of
Ringgold. Elev. 800 ft.
**(NYBG) 2892340: 1948-08-09, Catoosa County, GA, in moist, open and partly shaded place
with thin soil over flat limestone rocks, Chickamauga and Chattanooga National Park, 10
miles west of Ringgold. Elev. 800 ft. (DUPLICATE)
**(LSU) NO0019065: 1948-08-09, Catoosa County, GA in moist, open and partly shaded place
with thin soil over flat limestone rocks, Chickamauga and Chattanooga National Park, 10
miles west of Ringgold. Elev. 800 ft. (DUPLICATE)
**IND-0131963: 1948-08-09, Catoosa County, GA, Chickamauga and Chattanooga National
Military Park, 10 miles west of Ringgold, 34.91362 -85.256072, 244m (DUPLICATE)
Heavily polluted era: 1950-1980
*IND-0131964: 1951-09-19, Catoosa County, GA at Cedar Glades 1.9 mi E18°N of Fort
Oglethorpe., 34.932913 -85.229261, 223m
*GA077745: 1951-09-19, Catoosa County, GA at Cedar Glades 1.9 mi E18°N of Fort
Oglethorpe., 34.932913 -85.229261, 223m (DUPLICATE)
**UCHT024982: 1973-08-26, Catoosa County, GA at Chickamauga Battlefield. Growing in
grassy area adjacent to dry stream bed. General area adjacent to dry stream bed and is in
northeast corner
Post-pollution era: 1981-2021
**GA077737: 1990-10-04, Catoosa County, GA 1.7 miles southeast of Fort Oglethorpe;
Chickamauga and Chattanooga National Military Park. North of Brotherton Road, ca. 0.1
miles east of Patrick Cemetery. Shallow soil of flat, limestone outcrop
UCHT029207: 2012-08-10, Catoosa County, GA along Fox Spring Road, west of the
intersection with Service Road and directly south of a field with a pavilion (Warrior Road?).
N34.928757 W85.064571
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Juglans (Walnut), Juglandaceae
J. nigra L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT009094: 1931-06-11, Walker County, GA at Lookout Mountain Park
*UCHT009081: 1932-00-00, Hamilton County, TN in Brainerd, Chattanooga
*UCHT009082: 1942-00-00, Hamilton County, TN in Chattanooga
Heavily polluted era: 1950-1980
UCHT030132: 1965-05-09, Hamilton County, TN in Collegedale
*UCHT009095: 1972-06-29, Hamilton County, TN at Chickamauga Battlefield, growing at
north edge of stream, 150 yards south of the visitor center. Elevation 730 ft.
*UCHT009092: 1974-08-25, Walker County, GA growing on the south side of the road leading
to Snodgrass Field, 200ft. west of sing "Humphrey's Brigade" and 100 yards west of Glenn
Kelly Road. Chickamauga Battlefield, Elev. 760ft.
*UCHT009093: 1975-05-11, Walker county, GA at Chickamauga Battlefield, growing 200 ft.
west of cannonball monument and 60 ft. north of Dyer Road in Dyer Field
UCHT030220: 1976-08-17, Hamilton County, TN adjacent Tucker Road, Collegedale
Post-pollution era: 1981-2021
UCHT009068: 2012-04-23, Catoosa County, GA at TN Army Nat’l Guard VTS. West side of
property on Volunteer Road, near the classroom trailers, specimens collected from tree line
on the northwest side of road. Coordinates: N34° 54' 34" W85° 3' 43.5"
UCHT009067: 2012-06-16, Catoosa County, GA at southwest corner of the VTS-C. West of the
rifle range and east of North Tiger Creek Lane. N34.907601 W85.068591
APSC0049830: 2012-06-16, Catoosa County, GA at southwest corner of the VTS-C. West of the
rifle range and east of North Tiger Creek Lane. N34.907601 W85.068591 (DUPLICATE)

Pinus (Pine), Pinaceae
P. virginiana Mill.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT003418: 1933-04-23, Walker County, GA collected at 1013 Scenic Hwy. Lookout Mt,
about 20 ft from air compressor.
Heavily polluted era: 1950-1980
*NCU00148224: 1966-09-23, Hamilton County, TN on face Lookout, along Ga. 239, 5.6 miles
north of Chattanooga County line
*UCHT003440: 1972-03-17, Dade County, GA at Lookout Mountain Park. 15 ft east of Skyuka
Trail ca. 100 yds. from Skyuka Spring
*UCHT003441: 1975-04-26, Catoosa County, GA in Chickamauga Battlefield. In large cedar
glade about 100 yards south of sign “Branan’s Division Thomas’ Corps” which is adjacent
to Boynton
*UCHT003414: 1976-03-27, Hamilton County, TN at west end of lot of house at 3701 Premium
Drive, Chattanooga, 15 ft. west of southwest end of house. On incline 4 ft. north of
Manchester Drive, in Red Bank
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UCHT003410: 1977-06-19, Hamilton County, TN at Grindstone Mountain in mixed woods atop
north end of the mountain, west of roadway
*MTSU000561: 1980-11-23, Hamilton County, TN at 4456 James Drive to the left of driveway,
under light, located on east side Tennessee River just south of Booker T. Washington State
Park
Post-pollution era: 1981-2021
UCHT003408: 1982-08-31, Hamilton County, TN at Dr. Filman's pasture Collegedale,
35.028956 -85.045979
UCHT003411: 1985-10-03, Hamilton County, TN at 4680 Pierson Dr. in backyard, upper
woodland, Collegedale
APSU005571: 2007-03-12, Hamilton County, TN in the vicinity of kiosk at powerline trail, near
Boston Branch gate 35.235870, -85.26947, NCCGSNA
APSC0054328: 2007-04-30, Hamilton County, TN in the vicinity of illegal campsite at
confluence of Rogers Creek, 35.247840, -85.25581, NCCGSNA
UCHT003423: 2007-09-01, Hamilton County, TN in the vicinity of boundary marker near
Dayton Pike
UCHT003433: 2010-06-05, Hamilton County, TN at 4312 Bill Jones Road, Apison growing at
edge of woods
GA085850: 2012-10-07, Catoosa County, GA in the woods west of Fox Spring Road and
northwest of the rifle range. N34.918513 W85.065163 at 768 ft.
APSC0044512: 2012-10-07, Catoosa County, GA in the woods west of Fox Spring Road and
northwest of the rifle range. N34.918513 W85.065163 at 768 ft. (DUPLICATE)
*UCHT035728: 2018-05-21, Hamilton County, TN near Adams Road, center of undeveloped
parcel; GPS 35.13353, -85.23293 + 100m; Elevation 223.93597, located in Hixson

Populus (Poplar), Salicaceae
P. alba L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT008872: 1931-06-04, Hamilton County, TN in Lookout Mt. Park
*UCHT008864: 1932-05-00, Hamilton County, TN in Chattanooga
*UCHT008861: 1938-05-00, Hamilton County, TN in Chattanooga
*UCHT008862: 1938-00-00, Hamilton County, TN in East Chattanooga
*UCHT008863: 1942-00-00, Hamilton County, TN in Chattanooga
*UCHT008866: 1943-08-12, Hamilton County, TN in the Tennessee National Cemetery,
Chattanooga
Heavily polluted era: 1950-1980
UCHT008860: 1950-05-06, Hamilton County, TN at Big Soddy Creek
*UCHT008871: 1975-05-11, Walker County, GA growing 20 ft. north of Dyer Road in Dyer
Field, 40 ft. east of cannonball monument. Chickamauga Battlefield Elev. 750 ft.
*UCHT008867: 1980-05-21, Hamilton County, TN at 1720 Bagwell Ave. Near center of front
lawn near road. Elevation 680 ft. located in Hixson
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Post-pollution era: 1981-2021
*APSC0099629: 2016-06-24, Hamilton County, TN in the middle of the cemetery found
growing in a patch of vegetation, N35.025776 W85.174796 at 733 ft located in Brainerd

Quercus (Oak), Fagaceae
Q. falcata Michx.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT009652: 1932-00-00, Hamilton County, TN on Lookout Mountain
**UCHT009661: 1932-05-00, Hamilton County, TN, Spring Creek, Chattanooga in East Ridge
*UCHT009659: 1934-10-00, Hamilton County, TN in Chattanooga
UCHT009662: 1938-05-00, Hamilton County, TN
Heavily polluted era: 1950-1980
UCHT030507: 1965-05-02, Hamilton County, TN in Collegedale
*UCHT009653: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, divided into four areas from water tower east to boundary fence (I, II, III, IV)
*UCHT009654: 1971-06-00, Hamilton County, TN, at Volunteer Ordinance Work, Chattanooga,
divided into 4 areas from water tower east to boundary fence (I, II, III, IV)
*UCHT009667: 1975-06-08, Catoosa County, GA adjacent to the most eastern trail from
Viniard-Alexander Road to Thedford Ford, at Chickamauga Battlefield
Post-pollution era: 1981-2021
UCHT030517: 1982-08-31, Hamilton County, TN in Filman's Woods, Collegedale
UCHT030513: 1985-10-16, Hamilton County, TN on Biology trail (SAU)
*UCHT009628: 1992-10-20, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected on overgrown grassy path that leads from the
gravel road that winds up the mountain to the quarry
*UCHT009625: 1994-05-26, Hamilton County, TN at Booker T. Washington State Park. Picnic
Area #2
UCHT009627: 1999-03-15, Hamilton County, TN, north on Signal Mountain Blvd (Hwy 127) to
the intersection of Such Creek Road (Hwy 27). Continue H on Hwy 127 to the first stop
light. Left (west) on Signal Mountain Blvd to Timerblinks Drive. North on Timberlinks 2.0
miles. 0.1 of a mile west on Paved road. Specimen found at border of road near a large,
disturbed area in Prentice Cooper State Forest
UCHT030424: 2001-09-21, Hamilton County, TN on SAU Campus, K.R. Davis Promenade
TENN-V-0080339: 2007-05-11, Hamilton County, TN in the vicinity of boundary marker near
Dayton Pike
UCHT009651: 2007-10-26, Hamilton County, TN in the vicinity of connection of trail from
gravel upper parking lot and power line right-of-way, NCCGSNA
UCHT009648: 2010-06-05, Hamilton County, TN found at 4312 Bill Jones Road, Apison
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UCHT009642: 2012-03-01, Catoosa County, GA at TN Army Nat'l Guard VTS. West side of
property, out Volunteer Road, southeast on Fox Road, across large creek, north on Fox
Spring Road, north of rifle range (large field) to small field 0.3 mi from creek, ~50 ft from
gravel road to the east and at edge of wooded area. There is an old metal signpost near the
area from where plants were collected. Coordinates: N34° 54.756' W085° 04.016'
UCHT009643: 2012-08-17, Catoosa County, GA in the field beside Loop Road. N34.935093
W85.056530 Elevation: 830 ft.
**APSC0101102: 2016-07-00, Hamilton County, TN at Chattanooga rest stop 300 ft south from
parking lot entrance to wooded area along edge of woods, just of I-75 east of East Ridge
N34.995582 W-85.206376
Q. marilandica Munchh.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT009722: 1942-00-00, Hamilton County, TN in Citizen's Cemetery, Chattanooga
*UCHT009721: 1943-05-10, Hamilton County, TN in Highland Park
Heavily polluted era: 1950-1980
*NCU00281190: 1962-11-24, Hamilton County, TN on west side of Duane Road, about 100 yds
from Dallas Road, (north) Chattanooga
UCHT030558: 1977-06-19, Hamilton County, TN on Grindstone Mountain
Post-pollution era: 1981-2021
UCHT030557: 1982-10-19, Hamilton County, TN in woods off Tucker Road, Collegedale
UCHT009704: 2012-08-10, Catoosa County, GA, along Recon Road, heading up the south side
of Sand Mountain. Site name: 248. Waypoint #: 248 at: N34.934533 W85.062981.
Elevation: 940 ft.
UCHT009705: 2012-08-10, Catoosa County, GA, along Recon Road, heading up the south side
of Sand Mountain. Site name: 248. Waypoint #: 248 at: N34.934533 W85.062981.
Elevation: 940 ft. (DUPLICATE)
UCHT009708: 2012-08-10, Catoosa County, GA, along Recon Road, heading up the south side
of Sand Mountain. Site name: 248. Waypoint #: 248 at: N34.934533 W85.062981.
Elevation: 940 ft. (DUPLICATE)
Q. michauxii Nutt.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
LSU00079599: 1927-09-13, Hamilton County, TN on Lookout Mountain, Chattanooga
*UCHT009880: 1931-00-00, Hamilton County, TN in Chattanooga
***UCHT009876: 1932-00-00, Hamilton County, TN, Suck Creek, Chattanooga at the base of
Signal Mountain
**UCHT009865: 1933-10-22, Hamilton County, TN, Signal Mountain
*UCHT009864: 1938-00-00, Hamilton County, TN in East Chattanooga
Heavily polluted era: 1950-1980
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*NCU00260146: 1962-07-23, Hamilton County, TN on west side of Dickerson Street, across
from GPS about 10 yds. south of stepe entering school yard on opposite site, (north)
Chattanooga
GA026752: 1965-07-31, Dade County, GA on slope in dense, mixed woods. 2.8 miles E 43°N of
Trenton
GA026766: 1965-07-31, Dade County, GA on slope in dense, mixed woods. 2.8 miles E 43°N of
Trenton (DUPLICATE)
*UCHT009869: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works, divided into
four areas from water tower east to boundary fence (I, II, III, IV)
*UCHT009878: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works, divided into
four areas from water tower east to boundary fence (I, II, III, IV)
*UCHT009766: 1972-09-03, Catoosa County, GA at Chickamauga Battlefield. Growing on east
side of Jay's Mill Road, 60 ft. south of junction with Brotherton Road. Elevation 720 ft.
**UCHT009870: 1972-09-24, Hamilton County, TN tree 6.5 ft. tall with smooth gray bark.
Growing 15 ft. south of the southeast corner of the toilet building at Signal Point Park,
Signal Mountain
Post-pollution era: 1981-2021
*UCHT009734: 1991-04-18, Hamilton County, TN, one block east of Lake Shore Drive, inside
Greenway Park, about 100 ft. east of the foot bridge and on the south side of the path. In the
city of Hixson
*UCHT009879: 1992-10-20, Hamilton County, TN at Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected on overgrown gassy path that leads from the
gravel road that winds up the mountain to the quarry. Chattanooga, Elev.ca. 650 ft.
UCHT009858: 1996-05-29, Hamilton County, TN at Cooper Creek, Signal Mountain
UCHT030439: 1999-11-01, Hamilton County, TN on Biology trail S.A.U.
*UCHT009767: 2003-06-23, Dade County, GA, ~100 m north of parking on Skyuka Spring
along Lookout Creek Trail
TENN-V-0080708: 2006-05-31, Hamilton County, TN in the vicinity of Boston Branch gate
35.236310, -85.27644, NCCGSNA
UCHT009856: 2007-06-01, Hamilton County, TN in the vicinity of Boston Branch gate
35.236310, -85.27644, NCCGSNA
UCHT009729: 2007-06-01, Hamilton County, TN in the vicinity of Double Boulder. Large rock
outcrop in woods north of powerline right-of-way section through Flipper Bend,
NCCGSNA
***UCHT009855: 2009-08-24, Hamilton County, TN on TRGT property off Cash Canyon
Road, near Dead End gate, just off gravel road, oak/hickory community, N 35 07. 183' W
085 23.726' 1210 ft, along Tennessee River at the base of Signal Mountain
UCHT009726: 2012-06-16 Catoosa County, GA along Fox Spring Road, directly east of, and in
the middle of, Volunteer Road and Road 13. Site name: 254. Waypoint #: 254 at:
N34.915011 W85.065838
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GA085758: 2012-06-16 Catoosa County, GA along Fox Spring Road, directly east of, and in the
middle of, Volunteer Road and Road 13. Site name: 254. Waypoint #: 254 at: N34.915011
W85.065838 (DUPLICATE)
UCHT009727: 2012-10-20, Catoosa County, GA near the wooded strop present in the mowed
field in the southwest corner of the CTS-C. In the south portion of the southern firing range.
Waypoint #: 292 at: N34.908358 W85.067843 Elevation: 773 ft.
APSC0041738: 2012-10-20, Catoosa County, GA near the wooded strop present in the mowed
field in the southwest corner of the CTS-C. In the south portion of the southern firing range.
Waypoint #: 292 at: N34.908358 W85.067843 Elevation: 773 ft. (DUPLICATE)
Q. velutina Lam.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT010014: 1933-10-06, Hamilton County, TN on Lookout Mountain
Heavily polluted era: 1950-1980
*TENN-V-0081505: 1953-10-24, Hamilton County, TN, Chambliss Preserve on west side of
Lookout Mountain
*BRIT117044: 1956-10-20, Hamilton County, TN in roadside woods along U.S. 27, north of
Chattanooga
*TENN-V-0081504: 1971-04-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga near water tower east to boundary fence
UCHT030576: 1976-06-07, Hamilton County, on Grindstone Mountain
Post-pollution era: 1981-2021
*DUKE10077091: 2000-05-29, Hamilton County, TN at Signal View Apartments on Mountain
Creek Road, ruderal areas at the base of Signal Mountain
TENN-V-0081502: 2006-05-31, Hamilton County, TN in the vicinity of Boston Branch gate in
NCCGSNA, 35.236310, -85.27644
UCHT010001: 2008-07-24, Hamilton County, TN at NCCGSNA in Big Bend area, north of
Boston Branch. 35.236310, -85.27644
UCHT009997: 2012-04-09, Catoosa County, GA at TN Army Nat'l Guard VTS. East side of
property on Troop Road, east onto Hickory Road, east onto Service Road, northeast onto
Demo Road, up steep hill and at top of hill near wooden benches. Coordinates: N34°56.382'
W085°02.928'
UCHT009998: 2012-10-20, Catoosa County, GA in the woods to the west of Hickory Road, 25
m south of Ammo and Tank roads. Waypoint #: 332 at: N34.922078 W85.057436 Elev: 941
ft.
APSC0041397: 2012-10-20, Catoosa County, GA in the woods to the west of Hickory Road, 25
m south of Ammo and Tank roads. Waypoint #: 332 at: N34.922078 W85.057436 Elev: 941
ft. (DUPLICATE)
UCHT040272: 2014-08-25, Hamilton County, TN on hunting reserve fence line that runs
parallel to the Cumberland Trail near the parking area off HWY 111 S, further north past
Soddy Daisy, Waypoints: 35.340560, -85.198788
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Viola (Violet), Violaceae
V. pubescens Aiton
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT019845: 1932-00-00 (spring), Hamilton County, TN on the bank of Tennessee River
*UCHT020040: 1932-00-00, Hamilton County, TN on Tennessee Riverbank
*UCHT019846: 1934-04-22, Hamilton County, TN, east of Brainerd
*UCHT020039: 1935-00-00, Hamilton County, TN on Tennessee Riverbank
*TENN-V-0152650: 1949-04-01, Hamilton County, TN on Creek bottoms, Chickamauga Creek
in the Elise Chapin’s Sanctuary near Chattanooga, 34.999072 -85.182159
Heavily polluted era: 1950-1980
UCHT033322: 1955-04-26, Hamilton County, TN, near rock quarry
*UCHT019847: 1968-04-05, Hamilton County, TN, Hixson
*UCHT019870: 1973-04-21, Hamilton County, TN at Lookout Mountain Park. Growing along
Skyuka Spring Trail, TN Elevation 700 ft.
*UCHT019869: 1973-05-05, Hamilton County, TN at Lookout Mountain Park. Growing at east
edge of Lookout Creek, at end of largest bend
Post-pollution era: 1981-2021
*(HARVARD)02209393: 2003-00-00, Hamilton County, TN on Moccasin Bend Road to
Moccasin Bend (south of North Chattanooga and north of Lookout Mountain); 1.5 miles
north of hospital, low wet woods near public trail and parking area
MTSU012224: 2005-04-02, Hamilton County, TN in woods on east side of nature park, Lookout
Mountain
UCHT020032: 2012-03-29, Catoosa County, GA at TN Army Nat'l Guard VTS. West side of
property, out Volunteer Road, southeast on Fox Road, across large creek, north on Fox
Springs Road, north 2+ mi to tank range, near rough concrete patch ~100 ft south of Recon
Road, on northwest side of road, in wooded area ~25 ft near small creek, along creek bench.
N34°55.824'W085°03.754'
UCHT020047: 2013-04-16, Catoosa County, Georgia on the south side of Tiger Creek to the east
of the gravel road, in the woods. N. 34.93075W. 85.05348
*UCHT020049: 2014-04-17, Hamilton County, TN in Chattanooga, trail off Suck Creek Road
(opposite side of Tn River), over small brick wall where trail becomes open field. W85°
22'39"m B35° 7'18"
UCHT039017: 2015-04-11, Hamilton County, TN at Big Soddy Creek Gorge, One mile in, both
sides of the trail. Waypoint: N35.290556 W-85.196944
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V. sororia Willd.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
*UCHT020160: 1931-00-00, Hamilton County, TN in Woodland Park, off Standifer-Gap Road
north of the Chattanooga Airport
**GA051870: 1938-04-24, Walker County, GA, 5.5 miles south of Chickamauga, shallow soil
about flat limestone rocks
Heavily polluted era: 1950-1980
**GA051866: 1951-03-11, Walker county, GA on rocky, west-facing, wooded slope near
Horseshoe Cave, four miles southwest of Chickamauga, elevation 780 ft.
**VSC0040493: 1951-03-11, Walker county, GA on rocky, west-facing, wooded slope near
Horseshoe Cave, four miles southwest of Chickamauga, elevation 780 ft. (DUPLICATE)
UCHT033213: 1961-04-10, Hamilton County, TN, Right Bank Before Gap coming into
Collegedale in rich loamy soil at woodland edge
UCHT033315: 1961-05-06, Hamilton County, TN on Spalding Drive, Collegedale
UCHT033214: 1976-03-14, Hamilton County, TN, Collegedale in grassy area along Biology
trail, SAU
UCHT033223: 1977-03-15, Hamilton County, TN, Collegedale on the lawns, pastures
UCHT033222: 1977-03-15, Hamilton County, TN just inside SMC campus, north end in low
lying, wet, and open ground
UCHT033216: 1977-03-29, Hamilton County, TN, Collegedale on lawns, alluvial woods,
roadside and pastures throughout area
UCHT033215: 1977-04-26, Hamilton County, TN in Collegedale on lawns, alluvial woods,
roadside and pastures throughout area
UCHT033229: 1978-03-31, Hamilton County, TN in roadside lawn of Trailer court, Collegedale
*UCHT019958: 1979-03-21, Hamilton County, TN at Chattanooga Highland Drive 50 ft. up the
hill from Dartmouth on left side of road in grass between sidewalk and road. Elev. 780', in
Northshore
*UCHT019960: 1979-03-23, Hamilton County, TN in backyard behind house at 1702 Carroll
Lane, Northshore, Chattanooga
*UCHT019959: 1979-04-01, Walker County, GA from Tennessee-Georgia state line at south
end of St. Elmo community of Chattanooga, Tennessee, go 4.1 miles down Chattanooga
Valley Road (Georgia Hwy 193.) Turn west onto road with a white picket fence on one side
and a tall, Church of Christ sign on the other side. Cross railroad track and bear with road
around the Church of Christ. Turn west of Nickajack Hills brick marker. Herb in yard of
fourth house on north side of road from brick marker. Herb on north side of house
(backyard), 50 feet north of back, rock porch and 50 feet west of chain link fence on east
side of house. On west side of doghouse. Elev. 800 ft.
UCHT033234: 1979-04-29, Hamilton County, TN on Biology trails at SAU, Collegedale
UCHT033231: 1980-04-01, Hamilton County, TN in front of Miller Hall-SMC
UCHT033233: 1980-04-15, Hamilton County on Biology trail, SAU
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UCHT033232: 1980-04-15, Hamilton County, TN on Collegedale Biology trail (elev. 900ft.)
(DUPLICATE)
Post-pollution era: 1981-2021
UCHT019961: 1981-03-21, Hamilton County, TN, growing throughout the back yard at 818
Kentucky Avenue, Signal Mountain
UCHT033224: 1981-04-07, Hamilton County, TN on SMC Campus
*UCHT019963: 1983-03-26, Hamilton County, TN, About 100 yards from junction of Palmetto
Street and Fifth Street in city of Chattanooga. West about 100 yards on north side of Fifth
Street in local graveyard. Elev. ca. 750 ft located downtown
UCHT033210: 1983-03-29, Hamilton County, TN, Across from boat ramp, Savannah Bay
UCHT033220: 1984-04-03, Hamilton County, TN in Collegedale
UCHT033212: 1985-04-03, Hamilton County, TN, Hill behind Hackman Hall S.C.
UCHT033211: 1985-04-03, Hamilton County, TN, Hill behind Hackman Hall S.C.
(DUPLICATE)
*UCHT019965: 1986-04-02, Hamilton County, TN, 90 yards from the corner of Crawford Road.
and Hunt Dr. on the southwest side of Hunt Dr. scattered in a grassy lawn, across Brainerd
Road from the Chattanooga Airport
*UCHT019946: 1992-03-07, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Found directly in front of conference center. Chattanooga.
Elev. ca. 650 ft.
*UCHT019964: 1992-04-17, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road,
northeast of Chickamauga Lock. collected behind the conference center, in a grassy area a
few yards from the creek bank to the right of the gravel road
APSC0054481: 2007-03-23, Hamilton County, TN, of intersection of Hogskin Branch Trail
lower loop and logging road section of Stevenson Branch Trail, NCCGSNA
UCHT020172: 2008-04-25, Hamilton County, TN, vicinity of boundary marker near Dayton
Pike. 35.222310 -85.22227
UCHT020171: 2009-04-10, Hamilton County, TN on lawn week at 4312 Bill Jones Road,
Apison
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APPENDIX D

SPECIMEN RESULTS FOR SPECIES WITH MORPHOLOGICAL
CHARACTERISTICS ON THE LEAF SURFACE
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*significant specimens
**, **¨specimens collected from the same location over two or more pollution eras

Carya (Hickory), Juglandaceae
C. tomentosa (Poir.) Nutt.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
**UCHT009291: 1934-10-00, Hamilton County, TN on Signal Mountain
(EMORY)1763: 1941-04-25, Hamilton County, TN in Chattanooga (NO IMAGE)
TENN-V-0077871: 1948-06-16, Hamilton County, TN on roadside slope above Hales Bar
Reservoir
Heavily polluted era: 1950-1980
*UCHT009288: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, near water tower east to boundary fence
*UCHT009286: 1971-06-00, Hamilton County, TN at Volunteer Ordinance Works,
Chattanooga, near water tower east to boundary fence (DUPLICATE)
**UCHT009289: 1973-06-23, Hamilton County, TN at Signal Point Park on Signal Mountain
UCHT030258: 1977-06-19, Hamilton County, TN on Grindstone Mountain in mixed woods on
top and slope of mountain, west of roadway
Post-pollution era: 1981-2021
*UCHT009277: 1981-04-12, Hamilton County, TN growing at the eastern edge of patio behind
house at 402 Paragon Place, Red Bank
UCHT030257: 1982-08-31, Hamilton County, TN in Dr. Filman’s pasture in Collegedale
UCHT030256: 1982-08-31, Hamilton County, TN in Dr. Filman’s pasture in Collegedale
(collected by a separate person from the collection above, may or may not be a duplicate)
UCHT030255: 1982-08-31, Hamilton County, TN in Dr. Filman’s pasture in Collegedale
(collected by another separate person than the collections above, may or may not be a
duplicate)
UCHT030259: 1982-08-31, Hamilton County, TN in Dr. Filman’s pasture in Collegedale
(collected by another separate person than the collections above, may or may not be a
duplicate)
*UCHT009273: 1989-04-14, Hamilton County, TN at 1405 John Ross Road beside porch in East
Ridge
*UCHT009292: 1992-05-20, Hamilton County, TN on Spangler Farm, 5051 Gann Store Road.
Northeast of Chickamauga Lock. Collected along road that leads northwest away from the
conference center. Site is on the right side of the road about ¼ miles away from conference
center as you travel away from it
**UCHT009283: 1996-07-05, Hamilton County, TN at Double Bridges Creek – SC2 on Signal
Mountain
UCHT030217: 1999-09-20, Hamilton County, TN in moist soil in wooded area of Biology trail
at SAU
UCHT030215: 2001-10-16, Hamilton County, TN in temperate forest on SAU Biology trail
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UCHT009278: 2012-06-16, Catoosa County, GA in the margin of the woods west of the rifle
range, west of Fox Spring Road. In the area where the field margin protrudes into the
woods. N34.909779 W85.068231
APSC0012270: 2012-06-16, Catoosa County, GA in the margin of the woods west of the rifle
range, west of Fox Spring Road. In the area where the field margin protrudes into the
woods. N34.909779 W85.068231 (DUPLICATE)

Erigeron (Daisy Fleabane), Asteraceae
E. pulchellus Michx.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
UCHT028675: 1930-00-00, Hamilton County, TN on Signal Mountain
*TENN-V-0224070: 1930-04-11, Hamilton County, TN in Chattanooga
*UCHT028661: 1932-00-00, Hamilton County, TN at Suck Creek at the base of Signal
Mountain
UCHT028660: 1934-04-17, Hamilton County, TN on Raccoon Mountain
Heavily polluted era: 1950-1980
*UCHT028667: 1968-04-02, Hamilton County, TN in Moccasin Bend area
*UCHT028670: 1968-04-10, Hamilton County, TN at Elise Chapin’s Wildlife Sanctuary in
Brainerd, Chattanooga
*UCHT028671: 1968-04-10, Hamilton County, TN on south side of Chickamauga Dam on
Highway 153 near Hixson on the Tennessee River
*UCHT028668: 1968-05-07, Hamilton County, TN on roadside in Hixson
*APSC0032898: 1977-04-22, Catoosa County, Georgia, in a prairie-glade at Chickamauga
Battlefield- Battlefield Parkway
*UCHT041898: 1978-05-15, Walker County, GA at Chickamauga National Battlefield in open,
mixed woods along Viniard-Alexander Road
Post-pollution era: 1981-2021
*MISSA004397: 2002-04-14, Hamilton County, TN at corner of Pinewood Drive & Gunbarrel
Road in the Hamilton Place area, 34.358 -89.52
*MISS0062910: 2002-04-14, Hamilton County, TN at corner of Pinewood Drive & Gunbarrel
Road in the Hamilton Place area, 34.358 -89.52 (DUPLICATE)
UCHT028657: 2006-04-14, Hamilton County, TN on Stevenson Branch Trail, vicinity of
Hogskin Branch, NCCGSNA, 35.246250 -85.23535
UCHT037782: 2013-04-16, Catoosa County, GA growing in grassy area directly east of Tiger
Creek and north of gravel road that crosses Tiger Creek to the sites eastern firing range.
N34.90814 W85.06544

Magnolia (Magnolia), Magnoliaceae
M. grandiflora L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
**UCHT012663: 1926-09-21, Hamilton County, TN at Citizen’s Cemetery in Chattanooga
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*UCHT012664: 1943-08-12, Hamilton County, TN at the National Cemetery, Chattanooga
Heavily polluted era: 1950-1980
*UCHT012673: 1971-11-17, Catoosa County, GA at the Chickamauga Battlefield, south post
area between scout areas 3 & 4
UCHT012659: 1972-03-19, Hamilton County, TN in the front yard of home on Henderson Drive
Post-pollution era: 1981-2021
**UCHT012672: 1983-04-01, Hamilton County, TN about 100 yds west from junction of
Palmetto Street and Fifth Street in the city of Chattanooga, on north side of Fifth Street in
local graveyard (Citizen’s Cemetery).
UCHT031494: 1985-09-27, Hamilton County, TN on Southern College (SAU) campus in the
valley
*UCHT012658: 1993-03-21, Hamilton County, TN at 7301 Elaine Drive in East Brainerd, front
yard 8ft from road and 5ft from the left of the driveway
**UCHT012670: 1994-04-19, Hamilton County, TN 0.15 miles west on East Fifth Street from
the intersection of East Fifth Street and Palmetto Street to the entrance of Citizen’s
Cemetery, which stretches between East Fifth Street and East Third Street. 40 feet right past
the entrance
*HTTU020813: 2011-06-27, Hamilton County, TN at Greenway Farms in the parking lot,
Hixson
UCHT012667: 2016-03-19, Hamilton County, TN growing at 4312 Bill Jones Road, Apison

Rhododendron (Azalea), Ericaceae
R. catawbiense Michx.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
TENN-V-0166281: 1934-05-27, Hamilton County, TN on Signal Mountain
*GA057754: 1942-06-05, Walker County, GA in wooded ravine along Long Branch west of
Eagle Cliff, elevation about 1500 feet, located in the Chattanooga Valley ~6-8 miles
northwest of Chickamauga
Heavily polluted era: 1950-1980
GA200820: 1956-10-20, Hamilton County, TN along stream in gorge below road, Little Soddy
Creek
UCHT022147: 1968-05-15, Hamilton County, TN on the trail to Falling Water Falls near the
falls, wooded mountain top
UCHT022151: 1980-05-20, Hamilton County, TN, take Carroll Road on Signal Mountain to
Walker Road and turn toward Jake’s Campground. On left 0.1 mile before the main gate of
the campground. Elev. 1800 ft.
Post-pollution era: 1981-2021
(EKU)31234100405586: 1987-06-15, Hamilton County, TN near pond and uplands near Bull
Branch off Hixon Spring Road. Fairmont Q. 35-14-30 N, 85-15-25 West edge of bluff,
NCCGSNA
TENN-V-0166280: 1987-06-15, Hamilton County, TN near pond and uplands near Bull Branch
off Hixon Spring Road. Fairmont Q. 35-14-30 N, 85-15-25 West edge of bluff, NCCGSNA
(DUPLICATE)
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TENN-V-0166279: 2006-03-24, Hamilton County, TN on Stevenson Branch Trail, vicinity of
steps to overlook in NCCGSNA, 35.249920 -85.25362
UCHT022154: 2007-05-08, Hamilton County, TN in the vicinity of confluence of Rogers Creek
and Bull Branch. Hemlock cove. 25.240840 -85.2629. NCCGSNA
UCHT040315: 2015-05-20, Hamilton County, TN at the end of Big Soddy Gulf Road collected
in the vicinity of the following waypoints: 32.29968, -85.18655
UCHT040316: 2015-05-20, Hamilton County, TN at the end of Big Soddy Gulf Road collected
in the vicinity of the following waypoints: 32.29968, -85.18655 (DUPLICATE)
R. maximum L.
………………………………………………………………………………………………………
Pre-pollution era: 1919-1949
**UCHT022199: 1934-05-27, Hamilton County, TN near Rainbow Lake on Signal Mountain
**UCHT022197: 1943-05-13, Hamilton County, TN in open woods on Signal Mountain
Heavily polluted era: 1950-1980
TENN-V-0166400: 1956-10-20, Hamilton County, TN along stream in gorge below road, Little
Soddy Creek
UCHT022196: 1965-06-06, Hamilton County, TN in woods in the Ooltewah area
*UCHT022206: 1980-05-27, Hamilton County, TN at 907 Sutton Drive at northwest corner of
house, in Hixson
Post-pollution era: 1981-2021
**UCHT02205: 1996-05-23, Hamilton County, TN at North Chickamauga Creek 3 on Signal
Mountain
**UCHT022208: 2010-04-16, Hamilton County, TN on the trail at Falling Waters Natural Area
in Walden on Signal Mountain
**UCHT022184: 2014-03-31, Hamilton County, TN at Rainbow Lake, bordering lake near
waterfall on Signal Mountain
UCHT022195: 2015-03-21, Hamilton County, TN at Big Soddy Creek Gorge, from 0.5 to 1 mile
along creek, N35.301830 W-85.166677
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